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(54) Portable computer having dedicated register group and peripheral controller bus between 
system bus and peripheral controller 



(57) There is provided a computer system having a 
system bus (1 1 ), a processor (21 ) coupled to the system 
bus and a power supply controller (46). The system fur- 
ther comprises a function expansion bus (14) coupled 
to the power supply controller, the power supply control- 
ler transferring data through the function expansion bus, 
and a further controller (26) coupled to the processor 
(21) through the system bus and to the power supply 
controller (46) through the function expansion bus (14), 
for receiving the data transferred from the power supply 
controller and issuing an interrupt signal to the proces- 
sor (21). 
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Description 

[0001] The present invention relates to a laptop or 
notebook type portable computer. 
[0002] I n recent years . vario us types of laptop or note- 
book type portable computers have been developed. 
[0003] A portable computer of this type comprises a 
CPU, a memory, and a plurality of various peripheral 
controllers. The CPU is connected to the peripheral con- 
trollers through a system bus. In this case, various com- 
mands are exchanged between the CPU and each pe- 
ripheral controller. All the commands are transferred 
through the system bus. 

[0004] Communication between the CPU and the pe- 
ripheral controllers through the system bus is realized 
in accordance with a so-called handshake scheme. Var- 
ious communication control signals must be exchanged 
every time a command is transferred. For this reason, 
no problem is posed when the number of times of com- 
mand exchange between the CPU an the peripheral 
controllers is small. When the number of times of com- 
mand exchange is increased, the CPU and the system 
bus are occupied for a long period of time by command 
transfer. The processing performance of the system as 
a whole is undesirably degraded. 
[0005] The number of times of command exchange is 
increased when a special function is assigned to a spe- 
cific peripheral controller to expand the function of the 
portable computer. That is, when the special function is 
assigned to the specific peripheral controller, a com- 
mand for realizing this special function is also added. 
The added command is transferred through the system 
bus as in commands for realizing the conventional func- 
tions. When function expansion is performed, the 
number of times of command exchange is increased ac- 
cordingly. 

[0006] The addition of the special function makes it 
possible to achieve the function expansion, but the op- 
eration time of the system bus and the CPU in command 
transfer between the CPU and a specific peripheral con- 
troller is prolonged. As a result, the operation perform- 
ance of the system as a whole is undesirably degraded. 
[0007] The CPU writes a command in the I/O register 
in the peripheral controller or reads out the command 
set in the I/O register by the peripheral controller to 
transfer data between the CPU and the peripheral con- 
troller. For this reason, when the special function is add- 
ed to the specific peripheral controller, the command re- 
quired to realize this special function is also exchanged 
through the I/O register of the peripheral controller as in 
other existing commands. 

[0008] When a function required to start during exe- 
cution of an application program is added as a special 
function, contention occurs in the read and write opera- 
tions of the I/O register between the application program 
and the special function command, thereby causing the 
failure of execution of the application program. For ex- 
ample, when execution of the special function is re- 



quested while the application under execution sets a 
command in the I/O register, the command for executing 
the special function is overwritten on the application 
command, thus causing the failure of execution of the 
5 application program. 

[0009] The influence on the application program by 
such a factor can be avoided when the contents of the 
I/O registers set by the application program under exe- 
cution are temporarily saved upon requesting execution 
10 of the special function. When this processing is per- 
formed, however, the processing procedure for execut- 
ing the special function is complicated, and it takes a 
long period of time until actual execution of the special 
function is started after the special function is requested 
15 by a user. 

[0010] In recent years, in a laptop or notebook type 
portable computer, to meet contradictory requests, i.e., 
an increase in CPU processing speed, performance up- 
on mounting a large-capacity hard disk (HDD), perform- 
20 ance upon mounting a high-resolution, high-brightness 
display, improvements in performance of these devices, 
prolongation of the drive time of a battery, improvements 
of usability involving a compact, lightweight arrange- 
ment, system power supply control including battery 
25 charge control, power supply control of each input/out- 
put device, and the like using a special-purpose micro- 
processor (i.e., a power supply control processor) in 
power supply control has been performed. 
[0011] In a conventional portable computer having a 
30 power supply control processor of this type, however, 
the interface between a CPU for controlling the system 
and the power supply control processor is not satisfac- 
tory. Therefore, fine adjustment in power supply control 
cannot be performed. 
35 [0012] In a portable computer of this type, in data ex- 
change between the power supply control processor ar- 
ranged in a power supply controller and the system side 
(i.e., the CPU for controlling the system), the power sup- 
ply control processor has only a means for informing the 
40 CPU of the OFF state of a power switch. This informa- 
tion is transferred to the CPU in the following manner. 
Output data from the power supply control processor is 
monitored by an NMI interrupt generator. When this data 
is set in a specific state, an NMI interrupt is supplied to 
45 the system side. 

[0013] For example, in a portable computer which has 
a function of setting a power save mode and is capable 
of being operated with an AC adapter or battery power 
supply, assume that the power save mode is set/reset 
so as follows. When an AC adapter is plugged into and con- 
nected to the main body, the power save mode is inval- 
idated. When the AC adapter is disconnected from the 
main body (the plugged state is released), the power 
save mode is immediately validated. Under the above 
55 assumptions, the connected or disconnected state of 
the AC adapter upon connecting or disconnecting the 
AC adapter must be transmitted to the system side. In 
a conventional technique, the CPU on the system side 
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must perform polling to check the AC adapter status be- 
cause the powersupply control processorcannot inform 
the CPU on the system side of the connected or discon- 
nected state using an interrupt. In this case, the system 
performance is degraded by this polling. 
[0014] In a conventional portable computer of this 
type, a CPU (main CPU) for controlling the system must 
involve in processing for changing the state of a device 
with a key operation, and therefore system performance 
is undesirably degraded. 

[0015] Assume that the brightness of a display is 
changed with a key operation. In this case, a keyboard 
controller for executing a key operation must send a key 
operation status signal to the CPU (main CPU). The 
CPU analyzes this status signal to send a command for 
changing the brightness of the display to the power sup- 
ply controller. For this reason, in the conventional com- 
puter, the CPU for controlling the system is overloaded 
to degrade system performance. 
[0016] The most popular portable computer of this 
type has a so-called resume processing function of re- 
producing the previous use state immediately preceding 
a power-OFF operation when the power switch is turned 
on again. 

[0017] In a conventional portable computer of this 
type, in a resume mode set condition (i.e., in the resume 
mode ON state), various data required to perform 
resume processing are stored in, e.g., an RTC (Real- 
Time Clock) memory (CMOS memory) backed up by a 
battery (suspend processing) when the system power 
switch is turned off. 

[0018] In the data storage means by the above sus- 
pend processing, however, when the system is kept un- 
used for a long period of time, the backup power supply 
(battery power supply) of the memory cannot be 
charged, and the voltage of the battery power supply is 
decreased. The storage data is therefore lost, and in this 
case, normal resume processing cannot be performed. 
[0019] Various kinds of information required for 
resume processing are then stored in a hard disk (HDD) 
(storage in a freeze mode) arranged in the system to 
solve the above problem. 

[0020] However, data storage processing in the 
freeze mode requires a longer period of time than that 
in the suspend processing because this storage 
processing involves with HDD access. 
[0021] For example, when a power or reset switch, or 
the like is operated during execution in the freeze mode, 
data to be saved in the HDD may be damaged, and data 
storage in the freeze mode cannot be guaranteed. 
[0022] In a portable computer such as a battery-driv- 
en personal computer, afunction of displaying a remain- 
ing battery level to a user to allow the user to judge a 
remaining battery operation time of the computer is re- 
quired to prevent the dead state of the battery during the 
use of the computer. 

[0023] In a conventional personal computer or the 
like, this battery remaining level is displayed in percent- 



age. A method of displaying the remaining battery level 
in percentage is as follows. 

1) An A/D-converted value of a battery current is 
5 sampled with a period. 

2) The sampled digital battery current value is ac- 
cumulated in the form of an addition for charging 
and in the form of a subtraction for discharging in a 
battery level counterforcounting the remaining bat- 

10 tery level. 

3) The remaining level count value in the fully 
charged state of the battery is calculated in accord- 
ance with the given battery specifications. This cal- 
culation value is defined as a 1 00% capacity value, 

'5 and finite count values at, e.g., 90%, 80%...., 0% 
are prepared. 

4) The battery level counter value calculated every 
predetermined period is compared with each pre- 
pared count value in percentage to obtain the cur- 

20 rent battery level in the form of an "X percentage". 

[0024] When the remaining battery level is displayed 
by the above method, the reference is defined by the 
given battery specifications. That is, this reference is 
25 based on the initial charging/discharging characteristics 
which can be supposed in the new state of the battery. 
[0025] In general, the battery performance is greatly 
influenced by an application environment and is gradu- 
ally degraded. When the degree of degradation is great, 
30 a difference between the displayed battery level and the 
actual battery level is increased. 
[0026] Upon displaying the battery level in percent- 
age, the user roughly figures out the remaining battery 
time in accordance with the displayed percentage and 
35 the battery time in the fully charged state. The user then 
continues to use the computer. In this case, it is more 
convenient to directly display a remaining battery time 
in numeric value. 

[0027] This also applies to the battery charging oper- 
40 ation. It is more convenient to display the charge time 
representing the charge level of the battery or the re- 
maining charge time in numeric value in place of the per- 
centage. 

[0028] A portable computer of this type has various 
45 operation modes. For example, the portable computer 
can switch between speaker ON and OFF states and 
between the resume mode and the boot mode. To switch 
between these modes and check the current mode, a 
conventional arrangement requires to display a pop-up 
so window on the screen upon execution of pop-up 
processing or the like. In this case, the application pro- 
gram is temporarily interrupted until the end of pop-up 
processing. 

[0029] The displayed characters in the pop-up win- 
55 dow may be disturbed by the application program be- 
cause the pop-up window is displayed within the screen 
provided by the application program under execution. 
Pop-up processing is started using a maskable inter- 
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rupt, and this interrupt is masked by the application pro- 
gram under execution. As a result, the pop-up process- 
ing cannot be performed. 

[0030] Expanded memories of conventional personal 
computers are uniquely developed by different manu- 
facturers. However, in recent years, demand has arisen 
for standardizing the expanded memories in the field of 
computer industries, and JEIDA standardized a DRAM 
card and issued a guideline Ver. 1 .0. In U.S.A., JEDEC 
approved the same DRAM card specifications as those 
of the guideline. 

[0031] In a standardized Ver. 1 .0 DRAM card (to be 
simply referred to as a DRAM card hereinafter), PD 
(Presence Detect) pins are defined to allow the system 
to identify the card configuration. 
[0032] The PD pins consist of eight pins, i.e., PD8 
through PD1 (eightbits). Uniquemeanings are assigned 
to the PD pins, respectively. First of all, the pin PD8 rep- 
resents a refresh type DRAM, and the pins PD7 and 
PD6 represent a card access time. The pin PD5 repre- 
sents the number of banks. The pins PD4 through PD1 
represent a combination of row/column addresses and 
a device type (device configuration). 
[0033] There is a possibility of introducing a DRAM 
card which cannot be expressed by these pieces of card 
configuration information. To prepare for a future expan- 
sion, an expansion PD pin is reserved as "EXPANSION" 
in the pins PD4 through PD1. A method of using this 
expansion PD pin is not yet defined. 
[0034] To cope with a DRAM card which cannot be 
expressed by only the defined card configuration infor- 
mation, a serial EEPROM for storing an expanded card 
configuration information may be mounted on the same 
card, and the expansion PD pin may be assigned to the 
serial EEPROM. More specifically, if the pins PD4 
through PD1 represent "EXPANSION", the pins PD8 
through PD5 are used in communication between the 
system side and the serial EEPROM. 
[0035] A battery-driven system mainly requires to op- 
erate a DRAM at a low voltage (3.3 V) so as to reduce 
the power consumption. An I/O (I/O port) may require a 
high voltage (5 V) in compatibility with other systems. 
When the serial EEPROM is mounted on the DRAM 
card, the EEPROM must be operated at a voltage dif- 
ferent from the operating voltage of the DRAM because 
the PD pin interface is connected to the I/O (I/O port). 
This cannot be realized by the present definitions of the 
DRAM card. 

[0036] When a DRAM operated at 3.3 V is applied to 
the DRAM card, the power supply voltage may be ap- 
plied from a 3.3-V power supply pin of the DRAM card. 
When this card is inserted into a 5-V system (i.e., a sys- 
tem not connected to a 3.3-V power supply), the power 
supply (3.3-V power supply) of the DRAM is kept float- 
ing. Only a signal having a 5-v level is applied to the 
DRAM to cause an operation error or damage. This trou- 
ble also occurs when the power supply voltage is ap- 
plied from the 5-V power supply pin of the DRAM card 



and the card is inserted into a 3.3-V system. 
[0037] A DRAM having a wide range operative at 3 
through 5 V cannot be conveniently used because the 
5- and 3.3-V power supply pins are separated. 

5 [0038] Many personal computers of this type can per- 
form electronic mail exchangethrough a mail server with 
other personal computers or the like upon connection 
with a LAN orthe like through acommunication interface 
(communication board). 

10 [0039] In a conventional arrangement, the user can- 
not know whetherthe electronic mail has been received 
during execution of an application program. The user 
may not notice even an emergency electronic mail. 
[0040] To check the presence/absence of a received 

'5 mail, the usermust interruptthe application program un- 
der execution and starts a mail program (as one of the 
application programs). Upon executing this mail pro- 
gram, an electronic mail to him, which has been re- 
ceived by the mail server, must be read from the mail 

20 server and be displayed on the screen. After the user 
performs a confirmation operation for the display result 
at a keyboard orthe like, the mail program is ended, and 
execution of the previous application program can be 
restored. 

25 [0041] In the conventional arrangement described 
above, the application program under execution must 
be interrupted for a long period of time to check the pres- 
ence/absence of the received electronic mail, resulting 
in inconvenience. 

30 [0042] In a conventional portable computer, a key op- 
eration must be performed to switch between an internal 
display and an external display, as needed. The setup 
contents concerning the display switching are reset to 
the initial condition when the power switch is turned off. 

35 When the user wants to use an external display device, 
the key operation must be repeated every time the pow- 
er switch is turned on, resulting in a cumbersome oper- 
ation. 

[0043] It is an object of the present invention to pro- 
40 vide a portable computer system capable of efficiently 
realizing function expansion of the system without de- 
grading the system performance. 
[0044] It is another object of the present invention to 
provide a power supply interface apparatus for a porta- 
ls ble computer, which is arranged to send an interrupt 
from a power supply controller to a CPU to cause the 
CPU to read various data including a power supply con- 
troller status signal, so that arbitrary data can be ex- 
changed between the power supply controller and the 
so CPU without degrading the system performance. 

[0045] It is still another object of the present invention 
to provide a power supply interface apparatus for a port- 
able computer, capable of performing device control of 
a power supply controller which involves with a key op- 
55 eration without overreading the system side. 

[0046] It is still another object of the present invention 
to provide a power supply control apparatus capable of 
properly storing data even if a power switch, a reset 
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switch, or the like is operated in the freeze mode. 
[0047] It is still another object of the present invention 
to provide a portable computer capable of accurately 
displaying a remaining battery level in an understanda- 
ble unit. 

[0048] It is still another object of the present invention 
to provide a portable computer capable of checking or 
switching a current operation mode without adversely 
affecting an application program under execution. 
[0049] It is still another object of the present invention 
to provide a DRAM card control system, capable of 
properly using a DRAM card having a ROM such as a 
serial EEPROM which stores card configuration infor- 
mation, independently of a DRAM even if the operating 
voltages of the ROM and DRAM are different from each 
other. 

[0050] It is still another object of the present invention 
to provide a portable computer capable of automatically 
displaying whether an electronic mail is received, with- 
out adversely affecting execution of an application pro- 
gram or the like. 

[0051] It is still another object of the present invention 
to provide a portable computer capable of automatically 
switching between an internal display device and an ex- 
ternal display device in accordance with an open/closed 
state of a panel upon power-ON operation. 
[0052] The above objects are achieved by a portable 
computer according to claim 1 . The dependent claim is 
related to further advantageous aspect of the invention. 
[0053] According to the first and second aspects of 
the present invention, there is provided a computer sys- 
tem having a system bus, a processor coupled to the 
system bus and a power supply controller. The system 
further comprises a function expansion bus coupled to 
the power supply controller, the power supply controller 
transferring data through the function expansion bus, 
and afurther controller coupledto theprocessorthrough 
the system bus and to the power supply controller 
through the function expansion bus, for receiving the da- 
ta transferred from the power supply controller and is- 
suing an interrupt signal to the processor. 
[0054] In this case, in transfer from the CPU to the 
power supply controller, the power supply controller can 
execute other processing operations. After the control 
information is transmitted to the further controller, the 
CPU and the system bus are released from this control 
information transfer. Similarly, in transferfrom the power 
supply controller to the CPU, while the power supply 
controller transfers control information to the further 
controller through the function expansion bus, the CPU 
and the system bus are released from this control infor- 
mation transfer and can execute other processing oper- 
ations. Therefore, even if the number of times of transfer 
of the control information between the CPU and periph- 
eral controllers is increased, the operation time of the 
system bus and the CPU in this transfer can be short- 
ened, and the function expansion of the system can be 
efficiently realized. 



[0055] According to the third aspect of the present in- 
vention, an interrupt register and a data register are ar- 
ranged between a CPU for controlling a system and a 
power supply controller having a microprocessor for 

5 controlling a system power supply. When the powersup- 
ply controller is to send data to the CPU , the power sup- 
ply controller sends a hardware interrupt to the CPU 
through the interrupt register, and the CPU reads data 
from the power supply controller through the data reg- 

10 ister. Arbitrary data can be exchanged between the pow- 
er supply controller and the CPU without degrading the 
system performance. 

[0056] More specifically, a gate array having a plural- 
ity of input/output ports and a register group capable of 

'5 performing read/write access from each of the plurality 
of input/output ports is arranged between a CPU forcon- 
trolling a system and a power supply controller having 
a microprocessor for controlling a system power supply. 
Some registers of the register group of the gate array 

20 are used as the interrupt register (power supply com- 
mand status register) and the data register (power sup- 
ply command register) which realize data exchange be- 
tween the power supply controller and the CPU. When 
the power supply controller is to send data to the CPU, 

25 the power controller sets transmission data in the data 
register, and then sends a hardware interrupt such as 
an NMI or SMI to the CPU through the interrupt register. 
The CPU reads the data from the data register in re- 
sponse to the hardware interrupt. Arbitrary data can be 

30 sent from the power supply controller to the CPU without 
degrading the system performance. In addition, the 
CPU uses one or a plurality of registers of the above 
register group to set a command or both a command 
and a parameter in one or the plurality of registers. The 

35 power supply controller performs polling to read the con- 
tents of the register or registers set with the above data. 
The command and parameter can be transferred from 
the CPU to the power supply controller. Note that the 
SMI (System Management Interrupt) is a kind of a non- 
40 maskable interrupt called a system management inter- 
rupt and is a hardware interrupt having the highest pri- 
ority level higher than those of an NMI (Non-Maskable 
Interrupt) and an INTR (Maskable Interrupt). The SMI is 
started when an SMI interrupt request input terminal of 

45 the CPU is set active. 

[0057] With the above arrangement of the present in- 
vention, for example, to inform the CPU on the system 
side of depression of a power switch, a code represent- 
ing the depression of the power switch (OFF operation) 

so is set in the above data register. Data for generating the 
NMI (or SMI) interrupt is set in the interrupt register. 
When the CPU on the system side receives this hard- 
ware interrupt (SMI or NMI), the CPU reads the data set 
in the data register. In this manner, depression (OFFop- 

55 eration) of the power switch is informed to the CPU. In 
the above data exchange means, when an AC adapter 
is connected to the system, the power save mode is in- 
validated. When the AC adapter is disconnected from 
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the system, the power save mode is immediately vali- 
dated. The AC adapter is plugged into the system . When 
the plugged state of the AC adapter is canceled, the 
state (status) of change is informed from the power sup- 
ply controller to the CPU on the system side every time 
the AC adapter is disconnected from the system. Since 
the system has this power supply interface apparatus, 
various system control operations including the power 
save function can be finely executed without degrading 
the system performance, thereby improving the system 
function. Note that the power save operation is a known 
technique, which is exemplified by switching control of 
the CPU clock frequency, automatic power-OFF control 
of the hard disk, and display back light automatic OFF 
control in an non-operative state. 
[0058] According to the fourth aspect of the present 
invention, a register whose write access is controlled by 
a keyboard controller and read access is controlled by 
a power supply controller is arranged between the pow- 
er supply controller and the keyboard controller. The 
power supply controller directly monitors a specific key 
input state with reference to the register. When the pow- 
er supply controller detects the specific key input state, 
this specific key input is reflected on a device. Device 
control of the power supply controller which involves 
with a key operation can be performed without executing 
processing on the system side. 
[0059] More specifically, a gate array having a register 
group capable of performing data read/write access be- 
tween a power supply controllerfor controlling a system 
power supply and a keyboard controller for controlling 
a keyboard is arranged between the power supply con- 
troller and the keyboard controller. A hot key register 
whose write access is controlled by the keyboard con- 
troller and read access is controlled by the power supply 
controller is arranged in the register group. The key- 
board controller sets a key scan code, formed upon a 
hot key operation, in the hot key register. The power sup- 
ply controller performs polling to read the key scan code 
from the hot key register. For example, the brightness 
and contrast of the display device are controlled in ac- 
cordance with the contents of the code. The key opera- 
tion can be directly reflected on the target device of the 
power supply controller without degrading the system 

[0060] In addition to the above arrangement, a com- 
mand register whose write access is controlled by a 
CPU for controlling a system and read access is con- 
trolled by a power supply controller is arranged to cause 
the power supply controller to define a correspondence 
between the hot key and the control contents in accord- 
ance with the command from the main controller. A spe- 
cific device can be controlled in accordance with the 
contents of the hot key register. 
[0061] With the above arrangement of the present in- 
vention, the power supply controller directly checks 
(reads) the output from the keyboard controller through 
the register. The control of the brightness and contrast 



can be performed with, e.g., a hot key operation, without 
overreading processing on the system side. A register 
for transferring a command from the CPU to the power 
supply controller is arranged between the power supply 
5 controller and the CPU. Therefore, a key operation cor- 
respondence for controlling the brightness and contrast 
of the display device can be changed from the system 
side. 

[0062] A device can be controlled with a key operation 
10 independently of processing on the system side by the 
power supply interface apparatus without degrading the 
system performance. 

[0063] According to the fifth aspect of the present in- 
vention, there is provided a processing means for inval- 
'5 idating an operation input of an operator operation ele- 
ment such as a power switch or a reset switch as a con- 
trol object during an execution period of a freeze mode. 
[0064] According to the sixth aspect of the present in- 
vention, there is provided a power supply control appa- 
20 ratus having a dedicated processor, arranged in a port- 
able computer having a resume processing function, 
and including a power switch for designating an ON/ 
OFF operation of a system power supply and a reset 
switch for designating system initialization, the power 
25 switch and the reset switch being included as monitor 
objects, comprising means for receiving a specific com- 
mand (a command representing the freeze mode under 
execution and a command representing the end of the 
freeze mode) when a processing unit for executing the 
30 resume processing is to be executed in the freeze mode, 
and monitor processing means for excluding the power 
switch and the reset switch from the monitor objects to 
invalidate an operation thereof when the specific com- 
mand (the command representing the freeze mode un- 
35 der execution) is received from the processing unit. 
[0065] The processing unit for executing resume 
processing sends the specific command (i.e, the com- 
mand representing the freeze mode under execution) 
for invalidating an input from an operation switch to the 
40 power supply control apparatus. Upon reception of the 
specific command from the processing unit, the power 
supply control apparatus excludes the power switch and 
the reset switch from the monitor objects in monitor 
processing of the control objects and invalidates oper- 
as ations of these switches. Therefore, even if the power 
switch, the reset switch, or the like is operated during 
execution of the freeze mode, data can be properly 
stored. 

[0066] More specifically according to the present in- 
so vention, a battery voltage value and a battery current 
value are sampled every predetermined period. The 
count value of a battery level counter for counting the 
remaining battery level is decremented using the sam- 
pled battery current value during discharging and is in- 
55 cremented using the sampled battery current value dur- 
ing charging, thereby updating the count value. The up- 
dated count value of the counter and the count values 
prestored in the fully charged state and the operation 
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limit state are used to calculate a remaining battery lev- 
el. In addition, this remaining battery level and the sam- 
pled battery current value are used to calculate a re- 
maining use time of the battery or a time required to fully 
charge the battery. At least one of the remaining battery 
level calculated in accordance with the charge/dis- 
charge condition, the remaining use time of the battery, 
and the time required to fully charge the battery is dis- 
played. 

[0067] With the above arrangement, the remaining 
battery level can be accurately calculated in accordance 
with the degree of degradation of the battery perform- 
ance. The remaining use time of the battery or the time 
required to fully charge the battery can be directly dis- 
played during discharging orcharging. It is very conven- 
ient for the user to check the charge/discharge state of 
the battery in numerical values. 
[0068] According to the present invention, there is 
provided a portable computer having a CPU, a memory, 
a system bus, various peripheral controllers, and a main 
display, comprising a sub-display, arranged in the port- 
able computer, for displaying a plurality of icons repre- 
senting various operating states of the portable compu- 
ter, a register group which is accessed by the CPU and 
the peripheral controllers and in which display control 
data for controlling ON/OFF states of the icons of the 
sub-display are set by the CPU and the peripheral con- 
troller, and an icon display control circuit for ON/OFF- 
controlling each icon of the sub-display in accordance 
with the display control data set in the register group. 
[0069] In this portable computer, the sub-display for 
displaying the operating conditions of the portable com- 
puter is arranged independently of the main display, and 
various operating states are indicated by the ON/OFF 
states of the icons on the sub-display. In this case, the 
display control data for the sub-display are set in the 
register group by the CPU and other peripheral control- 
lers. The icon display control circuit ON/OFF-controls 
the icons on the sub-display in accordance with the dis- 
play control data. In this manner, the state display sub- 
display is arranged, and display control of the sub-dis- 
play is performed independently of display control of the 
main display. Therefore, the current operation mode can 
be checked without adversely affecting the application 
program under execution. 

[0070] According to the seventh aspect of the present 
invention, there is provided a portable computer having 
a CPU, a memory, a system bus, various peripheral con- 
trollers, and a main display, comprising a sub-display, 
arranged in the portable computer, for displaying a plu- 
rality of icons representing various operating states of 
the portable computer, a register group which is ac- 
cessed by the CPU and the peripheral controllers and 
in which display control data for controlling ON/OFF 
states of the icons of the sub-display are set by the CPU 
and the peripheral controller, an icon display control cir- 
cuit for ON/OFF-controlling each icon of the sub-display 
in accordance with the display control data set in the 



register group, key input means for inputting a hot key 
for designating switching between various operation 
modes of the portable computer, and hot key transmit- 
ting means for transmitting key data of the hot key input 

5 from the key input means in accordance with a non- 
maskable interrupt, wherein the CPU switches the op- 
eration mode of the portable computer in response to 
the hot key data transmitted by the non-maskable inter- 
rupt and updates the display control data of the register 

10 group so that an operation mode switching result is re- 
flected on the sub-display. 

[0071] In this portable computer, switching between 
various operation modes is designated with the hot 
keys, and the key data from the hot key is transmitted 

'5 to the CPU through the non-maskable interrupt. For this 
reason, the interrupt is not masked by the application 
program under execution . The key data from the hot key 
can be immediately accepted even during execution of 
any application program, thereby switching between the 

20 operation modes. At this time, the operation mode 
switching result is also reflected on the sub-display. 
Therefore, the operation mode can be switched regard- 
less of the application program under execution, and the 
switching result can be confirmed on the sub-display. 

25 [0072] According to the eighth aspect of the present 
invention, a ROM such as a serial EEPROM which 
stores card configuration information is mounted on a 
DRAM card independently of a DRAM, a DRAM power 
supply is assigned to a plurality of first powersupply pins 

30 defined as a first power supply voltage, a ROM power 
supply is assigned to a plurality of second power supply 
pins defined as a second power supply voltage, and a 
third power supply voltage required to operate the 
DRAM and a fourth power supply voltage required to 

35 operate the serial EEPROM are independently applied 
to the first and second power supply pins, respectively. 
[0073] According to the present invention, some of a 
plurality of card configuration identification pins (PD 
pins) of the DRAM card using the serial EEPROM which 

40 stores the card configuration information are assigned 
as communication pins between the serial EEPROM 
and the system side. 

[0074] With the above arrangement, the plurality of 
first power supply pins defined for the first power supply 

45 voltage of the DRAM card serve as DRAM powersupply 
pins, and the plurality of second power supply pins de- 
fined as the second powersupply voltage serve as ROM 
(serial EEPROM) power supply pins. That is, the power 
supply pins are not divided for power supply voltages, 

so unlikethe conventional case, but are divided for all types 
of elements applied with powersupply voltages through 
the corresponding power supply pins. That is, the power 
supply pins are divided into the DRAM power supply 
pins (first powersupply pins) and the ROM (serial EEP- 

55 ROM) power supply pins (second power supply pins). 
[0075] The first power supply pins are applied with the 
DRAM operating voltage (third powersupply voltage) in- 
dependently of the power supply voltage (first power 
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supply voltage) defined for these power supply pins. The 
second power supply pins are applied with the ROM (se- 
rial EEPROM) operating voltage (fourth power supply 
voltage) independently of the power supply voltage 
(second power supply voltage) defined for these power 
supply pins. 

[0076] As described above, the DRAM and the ROM 
(serial EEPROM) mounted on the DRAM card are op- 
erated at the independent power supply voltages. Even 
if these power supply voltages are different from each 
other, the DRAM card can be used without any trouble. 
This arrangement is compatible with a future DRAM op- 
erated at a lower voltage than the power supply voltage 
defined for the power supply pins. 
[0077] When the ROM comprises a serial EEPROM 
and some of the identification pins (PD pins) are used 
as communication pins between the DRAM card and the 
system side, the card configuration information can be 
exchanged between the card and the system side with- 
out providing special input/output pins. 
[0078] In this case, if the card configuration informa- 
tion includes operating voltage information representing 
the power supply voltage (third power supply voltage) 
required to operate the DRAM, and the third power sup- 
ply voltage representing the operating voltage informa- 
tion in the configuration information is applied to the 
DRAM through the first power supply pins upon read ac- 
cess of the card configuration information from the serial 
EEPROM through some of the identification pins, the 
DRAM can be operated without causing any error or 
damage. In this case, as the serial EEPROM, a wide- 
range serial EEPROM operated at a wide-range power 
supply voltage is used to properly perform read access 
of the configuration information from the EEPROM. 
[0079] According to the present invention, there is 
provided a personal computer capable of transmitting 
or receiving an electronic mail, comprising a display for 
displaying at least the presence/absence of a received 
electronic mail, interrupt generating means for generat- 
ing an interrupt upon reception of the electronic mail, 
and interrupt processing means, started in response to 
the interrupt, for causing the display to perform a state 
display representing the presence of the received elec- 
tronic mail when a valid electronic mail is received. 
[0080] With the above arrangement, for example, 
when a mail server informs the personal computer of an 
electronic mail received for this personal computer, the 
interrupt generating means generates an interrupt to 
start the interrupt processing means. The interrupt 
processing means checks in accordance with the status 
signal received from the mail server if the electronic mail 
for this personal computer is accurately received. If so, 
the interrupt processing means calls a basic input/out- 
put program to cause the input/output control function 
to perform a state display representing the presence of 
the received electronic mail on the display. 
[0081] Even if the application program is being exe- 
cuted in this personal computer, the user can confirm 
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on the basis of the state display on the display that the 
electronic mail has been received without performing 
any special operation. A mail processing means may be 
started, as needed, to read the electronic mail received 

5 by the mail server, thereby displaying the electronic mail 
and hence confirming the contents of the received mail. 
[0082] According to the present invention, there is 
provided a portable computer having a panel opened/ 
closed on a main body and a function of optionally con- 

10 necting an external display device, comprising a panel 
switch for detecting the open/closed state of the panel,, 
means for detecting the open/closed state of the panel 
in accordance with ON/OFF status of the panel switch 
upon a power-ON operation, and switching means for 

'5 switching image data to an internal display device orthe 
external display device in accordance with the open/ 
closed state of the panel which is detected by the de- 
tecting means, wherein the switching means outputs the 
image data to only the internal display device when the 

20 panel is open, and outputs the image data to both the 
internal and external display devices when the panel is 
kept closed. 

[0083] When the power switch is turned on, the ON/ 
OFF status of the panel switch is read under the BIOS 

25 control to determine whether the panel is open or kept 
closed. If the panel is open, a command is sent to the 
display controller to output the image data to only the 
internal display device. Therefore, the display controller 
outputs the image data stored in the video RAM to only 

30 the internal display device. 

[0084] When the panel is kept closed upon a pow- 
er-ON operation, a command is sent to the display con- 
troller to output the image data to both the internal and 
external display devices. The display controller then out- 

35 puts the display data stored in the video RAM to both 
the internal and external display devices. 
[0085] As described above, the open/closed state of 
the panel upon a power-ON operation is detected, and 
the internal and external display devices can be auto- 

40 matically switched. 

[0086] This invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

45 Fig. 1 is a block diagram showing the overall system 
configuration of a portable computer according to 
an embodiment of the present invention; 
Fig. 2 shows the outer appearance of the portable 
computer of the embodiment shown in Fig. 1 and a 

so display screen of a status LCD arranged in this port- 
able computer; 

Fig. 3 is a block diagram of the extracted hardware 
arrangement associated with communication be- 
tween a CPU and a keyboard controller and be- 
55 tween the CPU and a power supply controller in the 
portable computer of the embodiment shown in Fig. 
1; 

Fig. 4 is a block diagram showing a detailed ar- 
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rangement of a status LCD control gate array ar- 
ranged in the portable computer of the embodiment 
shown in Fig. 1 ; 

Fig. 5 is a block diagram showing the arrangement 
of a keyboard interface bus arranged between the s 
keyboard controller and the status LCD control gate 
array in the portable computer of the embodiment 
shown in Fig. 1 ; 

Figs. 6A through 6C are timing charts of causing the 
keyboard controller to write data in the status LCD '0 
control gate array through the keyboard interface 
bus shown in Fig. 5; 

Figs. 7A through 7C are timing charts of causing the 
keyboard controller to read data in the register of 
the status LCD control gate array through the key- '5 
board interface bus shown in Fig. 5; 
Fig. 8 is a block diagram showing the arrangement 
of a power supply interface bus arranged between 
the power supply controller and the status LCD con- 
trol gate array in the portable computer of the em- 20 
bodiment shown in Fig. 1 ; 

Figs. 9A through 9C are timing charts of causing the 
power supply controller to write data in the register 
of the status LCD control gate array through the 
power supply interface bus shown in Fig. 8; 25 
Figs. 1 0A through 1 0C are timing charts of causing 
the power supply controller to read the data in the 
register of the status LCD control gate array through 
the power supply interface bus; 
Fig. 11 is a block diagram showing assignment of 30 
signals to a plurality of I/O ports of the keyboard 
controller arranged in the portable computer of the 
embodiment shown in Fig. 1; 
Fig. 12 is the first table showing the functions of sig- 
nals received and transmitted at the I/O ports of the 35 
keyboard controller shown in Fig. 11; 
Fig. 1 3 is the second table showing the functions of 
signals received and transmitted at the I/O ports of 
the keyboard controller shown in Fig. 11; 
Fig. 14isaflowchartforexplainingakeydatatrans- 40 
mission operation of the keyboard controller shown 
in Fig. 11; 

Fig. 15 is a flow chart for explaining a command 
processing operation of the keyboard controller 
shown in Fig. 11 ; 45 
Fig. 1 6 is a flow chart for explaining a key data trans- 
mission operation of the keyboard controller in Fig. 
11 in use of an external keyboard; 
Fig. 1 7 is a block diagram showing an arrangement 
of a hardware circuit for executing switching of the so 
speaker volume which is requested in hot process- 
ing of the portable computer of the embodiment 
shown in Fig. 1 : 

Figs. 18A through 18C are timing charts for explain- 
ing switching of the speaker volume by the circuit in ss 
Fig. 17; 

Figs. 19A through 19C show wave forms for ex- 
plaining brightness and contrast controls of the 



LCD; 

Fig. 20 is a detailed block diagram of a power supply 
controllerfor controlling the brightness and contrast 
of the LCD; 

Fig. 21 is a block diagram showing the arrangement 
of the third embodiment of the present invention; 
Fig. 22 is a table showing the register contents of a 
dedicated register group arranged in the gate array 
shown in Fig. 4; 

Fig. 23 is a table showing the register contents of 
some registers shown in Fig. 22 and the register ad- 
dresses; 

Figs. 24A through 24H are formats showing the da- 
ta structures of the registers shown in Fig. 23; 
Fig. 25 is aflow chart showing asequenceexecuted 
by a power supply controller (PSC) so as to explain 
an operation of the embodiment shown in Fig. 21 ; 
Fig. 26 is a flow chart showing a sequence executed 
by the power supply controller (PSC) so as to ex- 
plain an operation of the embodiment shown in Fig. 
21; 

Fig. 27 is a flow chart showing a sequence executed 
by the keyboard controller (KBC) so as to explain 
an operation of the fourth embodiment of the 
present invention; 

Fig. 28 is a flow chart showing a sequence executed 
by the power supply controller (PSC) so as to ex- 
plain an operation of the fourth embodiment; 
Fig. 29 is a flow chart showing asequence executed 
by the power supply controller (PSC) so as to ex- 
plain an operation of the fifth embodiment of the 
present invention; 

Fig. 30 is a block diagram showing the circuit ar- 
rangement of the sixth embodiment of the present 
invention; 

Fig. 31 is a flow chart showing battery monitor pro- 
gram processing in the sixth embodiment; 
Fig. 32 is a table showing functions provided in hot 
key processing of a portable computer according to 
the seventh embodiment of the present invention; 
Fig. 33 is a flow chart for explaining the sequence 
of an SMI processing routine executed by a CPU 
arranged in the portable computer of the seventh 
embodiment; 

Fig. 34 is a flow chart for explaining contrast up 
processing for an LCD panel which is executed by 
a power supply controller arranged in the portable 
computer of the seventh embodiment; 
Fig. 35 is a timing chart showing a state of change 
in contrast in the contrast up processing of Fig. 34; 
Fig. 36 is a flow chart for explaining contrast down 
processing for the LCD panel which is executed by 
the power supply controller arranged in the portable 
computer of the seventh embodiment; 
Fig. 37 is a timing chart showing a state of change 
in contrast in the contrast down processing of Fig. 
36; 

Fig. 38 is a flow chart for explaining brightness up 
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processing for the LCD panel which is executed by 

the power supply controller arranged in the portable 

computer of the seventh embodiment; 

Fig. 39 is a timing chart showing a state of change 

in brightness in the brightness up processing of Fig. s 

38; 

Fig. 40 is a flow chart for explaining brightness down 
processing for the LCD panel which is executed by 
the power supply controller arranged in the portable 
computer of the seventh embodiment; '0 
Fig. 41 is a timing chart showing a state of change 
in brightness in the brightness down processing of 
Fig. 40; 

Fig. 42 is a flow chart for explaining an operation for 
realizing an instant security function executed by a '5 
CPU arranged in the portable computer of the sev- 
enth embodiment; 

Fig. 43 is a flow chart for explaining an operation for 
realizing a power save mode switching function ex- 
ecuted by the CPU arranged in the portable com- 20 
puter of the seventh embodiment; 
Fig. 44 is a table showing setup states of a CPU 
clock ; a CPU sleep mode, HDD auto OFF and dis- 
play auto OFF in each mode switched by the power 
save mode switching function in Fig. 43; 25 
Fig. 45 is a view showing display states of tap water 
faucet icon in the respective modes switches by the 
power save mode switching function in Fig. 43; 
Fig. 46 is a flow chart for explaining an operation for 
realizing a resume/boot mode switching function 30 
executed by the CPU arranged in the portable com- 
puter of the seventh embodiment; 
Fig. 47 is a flow chart for explaining an operation for 
realizing an LCD/CRT switching function executed 
by the CPU arranged in the portable computer of 35 
the seventh embodiment; 

Fig. 48 is a flow chart for explaining an operation for 
realizing a normal/reverse display switching func- 
tion of the LCD panel which is realized by the CPU 
arranged in the portable computer of the seventh 40 
embodiment; 

Fig. 49 is a diagram showing a DRAM card and its 
periphery according to the eighth embodiment of 
the present invention; 

Fig. 50 is a table showing a relationship between 45 
the states of PDP pins and their definition contents 
in the eighth embodiment; 
Figs. 51 and 52 are tables showing the list of signals 
of the card slot of the eighth embodiment; 
Fig. 53 is a flow chart for explaining a DRAM card so 
control sequence according to the eighth embodi- 
ment; 

Fig. 54 is a block diagram showing the system con- 
figuration of a personal computer according to the 
ninth embodiment; 55 
Fig. 55 is a schematic memory map of the ninth em- 
bodiment; 

Fig. 56 is a flow chart for explaining the operation 



of the ninth embodiment; 

Fig. 57 is a block diagram showing the system con- 
figuration of the tenth embodiment; 
Fig. 58 is a flow chart showing a display device 
switching processing of the tenth embodiment; and 
Fig. 59 is a table showing a relationship between 
the open/closed state of a display panel and image 
data output to the display device upon a power-ON 
operation. 

[0087] Preferred embodiments of the present inven- 
tion will be described with reference to the accompany- 
ing drawings. Fig. 1 shows the system configuration of 
a portable computer according to an embodiment of the 
present invention. 

[0088] This portable computer is a laptop or notebook 
type personal portable computer and comprises an ISA 
(Industry Standard Architecture) system bus (ISA-BUS) 
11, a high-speed graphic transfer peripheral interface 
bus (PI-BUS; Peripheral Interface BUS) 12, a keyboard 
interface bus (KBC-BUS) 13, and a power supply inter- 
face bus (PSC-BUS) 14. 

[0089] A CPU 21 and an I/O controller22 are connect- 
ed to the system bus (ISA-BUS) 11. The CPU 21 and 
the I/O controller 22 comprise a microprocessor 
80486SL and afamily chip 82360SL which are available 
from Intel Corp., U.S.A., respectively. 
[0090] The CPU 21 controls the overall system and 
executes programs as processing objects stored in a 
system memory 23. The CPU 21 also has a power man- 
agement function for low power consumption so as to 
power down various I/O interfaces in an idle state. The 
power management function can be executed by inter- 
rupt processing called a system management interrupt 
(SMI). The interrupts of the CPU 21 also include a non- 
maskable interrupt (NMI) and a maskable interrupt (IN- 
TR). An SMI is a kind of non-maskable interrupt and is 
a hardware interrupt having the highest priority whose 
level is higher than those of the NMI and INTR. The SMI 
is started by activating the interrupt request input SMI 
of the CPU 21 . Similarly, interrupt request inputs NMI 
and INTR (not shown) of the CPU 21 are activated to 
start the non-maskable interrupt and the maskable in- 
terrupt, respectively. 

[0091] Interrupt processing using an SMI is utilized to 
execute not only a function of power management but 
also an expansion function such as hot key processing 
(to be described later). 

[0092] The I/O controller 22 is a dedicated logic for 
realizing the CPU and memory support functions. The 
I/O controller 22 controls each I/O device connected to 
a corresponding serial port 41 and an external printer 
connected to a printer port (EPP; Enhanced Parallel 
Port) 43. Two interrupt controllers (PICs; Programmable 
Interrupt Controllers), two timers (PICs; Programmable 
Interval Timers), two serial I/O controllers (SIOs; Serial 
Input/Output Controllers), and one real time clock (RTC) 
are incorporated in this I/O controller 22. The real time 
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clock is a timepiece module having its own operating 
battery. The real time clock has a static CMOS RAM (to 
be referred to as a CMOS memory hereinafter) always 
applied with a power supply voltage from this battery. 
This CMOS memory is used to store setup information 
representing a system configuration. 
[0093] Communication between the CPU 21 and the 
I/O controller 22 is performed through the system bus 
(ISA-BUS) 11 or a dedicated interface line arranged be- 
tween the CPU 21 and the I/O controller 22. Interface 
signals between the CPU 21 and the I/O controller 22 
include, e.g., signals for controlling the SMI function of 
the CPU 21. 

[0094] An active-low SMI signal is supplied from the 
I/O controller 22 or a status LCD control gate array 
(SLCDC GA) 26 to the interrupt request input SMI of the 
CPU 21 through an AND gateGI . The SMI signal is sup- 
plied from the status LCD control gate array (SLCDC 
GA) 26 to the CPU 21 upon requesting hot key process- 
ing and any other special processing forfunction expan- 
sion (both will be described in detail later). The SMI sig- 
nal from the I/O controller 22 is generated upon detect- 
ing necessity of the I/O power-down during time moni- 
toring using the timer. 

[0095] Each hot key is a key for directly requesting 
execution of a special function such as a system oper- 
ation environment setting/change to the CPU 21 . Some 
specific keys on a keyboard 51 are assigned as hot 
keys. When hot keys are depressed, several functions 
associated with a system operation environment setup/ 
change provided by the CPU 21 are directly accessed 
and executed. In this hot key processing, normal key 
data transmission through the system bus (ISA-BUS) 11 
is not performed. An SMI is issued to the CPU 21 , and 
key data of the depressed hot key is sent to the CPU 21 
through the keyboard interface bus (KBC-BUS) 13 and 
the status LCD control gate array (SLCD GA) 26. 
[0096] The functions of the CPU 21 which can be ac- 
cessed with the hot keys are an instant security function, 
a power save mode switching function, a resume/boot 
mode switching function, an LCD/CRT display switching 
function, an LCD panel monochrome inverted display 
function, and the like. These functions are provided by 
the programs stored in a BIOS-ROM 25 (to be described 
later). A specific program is executed by the SMI 
processing program executed by the corresponding 
SMI. The SMI processing program is stored in aspecific 
memory space (a SM memory space) completely sep- 
arate from a memory space for executing a normal ap- 
plication program. The CPU 21 is instantaneously 
switched to a fourth mode C a system management 
mode) different from any of a real mode, a protect mode, 
and a virtual 86 mode even if the CPU 21 is in any of 
the real, protect or virtual 86 mode. As a result, the in- 
ternal states of the CPU 21 immediately before the SMI 
is started are automatically saved in a RAM resided in 
the SM memory space and the SM processing program 
stored in the SM memory space is started. Upon exe- 
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cuting a completion instruction of the SM processing, 
the CPU 21 automatically restores the internal states 
stored in the SM memory and returns to a normal oper- 
ation condition. Due to this, the application program re- 
5 starts the execution from the immediate state of the SM I . 
As described above, the SM processing program can 
be executed independent of the application program. 
For this reason, even during execution of an application 
program, the function corresponding to the depressed 
10 hot key can be immediately accessed. 

[0097] Functions accessed with the hot keys also in- 
clude functions directly executed and controlled by 
hardware in place of the CPU 21 . The functions execut- 
ed and controlled by the hardware include functions ex- 
's ecuted by a keyboard controller (KBC) 30 and a power 
supply controller (PSC) 46 (these two controllers will be 
described later). The functions provided by the key- 
board controller (KBC) 30 are a function of setting an 
"Arrow" mode for using a key on the keyboard 51 togeth- 
20 er with an arrow key, a function of setting a "Numeric" 
mode for using a key on the keyboard 51 together with 
an arrow key, and a function of setting an "Scroll Lock" 
mode of the keyboard 51 . The functions provided by the 
power supply controller (PSC) 46 are a function of ad- 
25 justing the contrast/brightness of an LCD panel 49 and 
a function of controlling the volume level of a speaker 
(not shown). 

[0098] The system memory 23 and an optional DRAM 
card 24 are connected to the local bus of the CPU 21 . 
30 The system memory 23 is used as the main memory of 
this system and stores programs as processing objects 
and data. The system memory 23 has a standard ca- 
pacity of 4 Mbytes, and includes the SM memory. The 
DRAM card 24 is used as an expanded memory of the 
35 computer system and is optionally connected to an 
88-pin dedicated card slot formed in the computer main 
body. A 2-, 4-, 8-, or 1 6-Mbyte DRAM card can be used 
as the DRAM card 24. 

[0099] The BIOS-ROM 25 is connected to the system 
40 bus (ISA-BUS) 11. The BIOS-ROM 25 stores a basic 
input/output program (BIOS; Basic I/O System) and is 
constituted by a flash memory (FLASH MEM) so as to 
update the programs. The basic input/output program 
includes an initialization processing program at the time 
45 of power-ON operation, driver programs for controlling 
various input/output devices, and programs for perform- 
ing processing operations associated with hot key op- 
erations. 

[0100] The status LCD control gate array (SLCDC 
so GA) 26, a floppy disk controller (FDC) 27, a PCMCIA 
gate array (PCMCIA GA) 28, the keyboard controller 
(KBC) 30, an expansion connector 31 to which an ex- 
pansion unit (Desk Station) is detachably mounted, and 
a hard disk drive (HDD) 42 are connected to the system 
55 bus (ISA-BUS) 11. 

[0101] The status LCD control gate array (SLCDC 
GA) 26 performs display control of a status LCD 44, 
communication with the keyboard controller (KBC) 30, 
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and communication with the power supply controller 
(PSC) 46. In display control of the status LCD 44, the 
status LCD control gate array (SLCDC GA) 26 causes 
the status LCD 44 to display a remaining battery oper- 
ation time and various operation environment states set- s 
table/changeable with hot key operations. In this case, 
the remaining battery operation time is displayed in nu- 
meric values, and other operation environment states 
are displayed with icons. The remaining battery capacity 
can also be displayed in percentage. Setup information '0 
in the CMOS memory is changed to select whether the 
remaining battery operation time is displayed in numer- 
ical values or percentage. 

[0102] The status LCD 44 is a status display liquid 
crystal sub-display arranged to display the remaining '5 
battery operation time and various operation mode set 
states. The detailed display contents of the status LCD 
44 will be described later with reference to Fig. 2. 
[0103] Communication between the status LCD con- 
trol gate array (SLCDC GA) 26 and the keyboard con- 20 
trailer (KBC) 30 is performed to exchange various kinds 
of control information between the CPU 21 and the key- 
board controller (KBC) 30 at high speed. The keyboard 
interface bus (KBC-BUS) 13 is used in this communica- 
tion. That is, the status LCD control gate array (SLCDC 25 
GA) 26 has a register group having a plurality of regis- 
ters for temporarily storing control information ex- 
changed between the CPU 21 and the keyboard con- 
troller (KBC) 30. The keyboard controller (KBC) 30 read/ 
write-accesses the register group through the keyboard 30 
interface bus (KBC-BUS) 13, and the CPU read/write- 
accesses the register group through the system bus 1 1 . 
The register group includes a register used to supply the 
SMI signal to the AND gate G1 and a register (Fn status 
register) for storing hot key data transmitted from the 35 
keyboard controller (KBC) 30. 

[0104] Communication between the status LCD con- 
trol gate array (SLCDC GA) 26 and the power supply 
controller (PSC) 46 is performed to exchange various 
kinds of control information between the CPU 21 and 40 
the power supply controller (PSC) 46 at high speed. The 
powersupply interface bus (PSC-BUS) 14 is used in this 
communication. More specifically, the status LCD con- 
trol gate array (SLCDC GA) 26 has an I/O register group 
for temporarily storing control information exchanged 45 
between the CPU 21 and the power supply controller 
(PSC) 46. The power supply controller (PSC) 46 read/ 
write-accesses the corresponding registers through the 
powersupply interface bus (PSC-BUS) 14. The CPU 21 
read/write-accesses the register group through the sys- so 
tern bus 11 . 

[0105] The communication from the KBC 30 to the 
PSC 46 is performed in order for the PSC 46 executes 
the hot key process. In this case, the CPU 21 does not 
participate in the execution. More specifically, the func- ss 
tion of hot key processing by the powersupply controller 
(PSC) 46 is executed by reading key data of the Fn sta- 
tus register of the status LCD control gate array (SLCDC 



GA) 26 through the power supply interface bus 
(PSC-BUS) 14. 

[0106] The floppy disk controller (FDC) 27 controls a 
two-mode floppy disk drive (FDD) 45 for read/write-ac- 
cessing 750- and 1 .44-Mbyte 3.5" disks. The floppy disk 
controller (FDC) 27 incorporates a variable frequency 
oscillator (VFO). 

[0107] The PCMCIA gate array (PCMCIA GA) 28 per- 
forms read/write control of a 68-pin PCMCIA (Personal 
Computer Memory Card International Association) card 
mounted in one of PCMCIA slots 48a and 48b and com- 
munication with the keyboard controller (KBC) 30. The 
PCMCIA gate array (PCMCIA GA) 28 also includes an 
interface logic and a logic for realizing the security func- 

[0108] Of the two PCMCIA slots 48a and 48b, the slot 
48a supports all types of PCMCIA cards, i.e., PCMCIA 
cards of a 1 8-mm thick type, a 1 0.5-mm thick type 3, a 
5.0-mm thick type 2, and a 3.3-mm thick type 1 . The slot 
48b supports two types of PCMCIA cards, i.e., the PC- 
MCIA cards of the 5.0-mm thick type 2 and the 3.3-m 
thick type 1 . A 5.0-mm thick PCMCIA card is also used 
as a security card. Note that this security card is not di- 
rectly related to the above described security function. 
The security card is used for expanding the security 
function of the system such as encrypting/decrypting 
data of the HDD and the communication. According to 
the security function of the PCMCIA gate array (PCM- 
CIA GA) 28, the control of the EEPROM 29 and the per- 
mission/inhibition of accesses by various I/O units due 
to access rights is performed when the KBC 30 collates 
a password input by a user through the KB 51 with a 
password stored in the EEPROM 29, and permits the 
system to be started only if a coincidence is established. 
[0109] The security function also includes an instant 
security function. This instant security function is provid- 
ed to perform processing such as a turn-off operation of 
the display screen of the LCD panel 49 and a key lock 
operation of the keyboard 51 in response to predeter- 
mined hot key processing commands from the keyboard 
controller (KBC) 30. When a predetermined password 
is input by a user with key operations at the keyboard 
51, the initial state is restored. At this time, password 
collation is performed such that the password is read 
from the EEPROM 29 through the PCMCIA gate array 
(PCMCIA GA) 28 by the keyboard controller (KBC) 30 
and is compared with an input password. The collation 
result is sentto the CPU 21 in the form of an SMI through 
the register of the PCMCIA gate array (PCMCIA GA) 28. 
[0110] The keyboard controller (KBC) 30 controls the 
standard internal keyboard 51 incorporated in the com- 
puter main body. The keyboard controller (KBC) 30 
scans the key matrix of the internal keyboard 51 to re- 
ceive a signal corresponding to a depressed key, and 
converts the signal into a predetermined key code (scan 
code). In this case, a key code corresponding to a hot 
key arranged on the internal keyboard 51 is sent to the 
LCD control gate array (SLCDC GA) 26 through the key- 
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board interface bus (KBC-BUS) 13 and is transmitted to 
the CPU 21 in the form of an SMI. On the other hand, a 
key code except for the hot key code is normally trans- 
mitted to the CPU 21 through the system bus (ISA-BUS) 

11 intheformofan INTR. The keyboard controller (KBC) 
30 also has functions of controlling an optional mouse 
52 and an optional external keyboard 53. 

[0111] An expansion unit (Desk Station) can be con- 
nected to the expansion connector 31 . Each expansion 
board such as a communication board is mounted on 
the expansion unitto allowfunction expansion. The hard 
disk drive (HDD) 42 has an IDE (Integrated Drive Elec- 
tronics) interface and is directly accessed and controlled 
by the CPU 21 . This hard disk drive (HDD) has a size 
of 2.5 inches and a storage capacity of 120/200 Mbytes. 
[01 12] A display controller (to be referred to as a VGA 
controller hereinafter) 32 complying with VGA (Video 
Graphic Array) specifications is connected to the periph- 
eral interface bus (PI-BUS) 12. The VGA controller 32 
controls the display operations of the monochrome gra- 
dation or color display LCD panel 49 with back light and 
a color CRT 50 optionally connected to the main body. 
The VGA controller 32 receives image data from the 
CPU 21 through the peripheral interface bus (PI-BUS) 

12 and draws an image in an image memory (VRAM) 
33. In this case, since the system bus (ISA-BUS) 11 is 
not used, the system performance is not degraded by 
image data transfer. The brightness and contrast of the 
LCD panel 49 are directly adjusted by the PSC 46 in 
response to hot key operations from the keyboard 51 . 
The CPU 21 and the VGA controller 32 do not participate 
in this adjustments. 

[0113] The power supply controller (PSC) 46 and a 
power supply circuit (PS) 47 are further arranged in this 
system. The power supply controller (PSC) 46 controls 
to supply a power supply voltage from the power supply 
circuit 47 to each unit. Communication with the CPU 21 
is performed through the power supply interface bus 
(PSC-BUS) 1 4 and the register of the status LCD control 
gate array (SLCDC GA) 26. The powersupply controller 
(PSC) 46 also performs hot key processing operations 
such as the brightness/contact adjustment of the LCD 
panel 49, the speaker volume adjustment, and the like 
in accordance with the key data input to the Fn status 
register in the status LCD control gate array (SLCDC 
GA) 26. In this case, the CPU 21 does not participate in 
this hot key processing operations. The hot key input 
from the KB 51 is transmitted to the PSC 46 through the 
KBC 30, the ISA bus 1 1 . The SLCDCGA26 and the PSC 
bus. The PSC 46 executes the process corresponding 
to the input. The power supply circuit 47 generates an 
internal power supply voltage of a predetermined volt- 
age value supplied to each unit, using the battery incor- 
porated in the computer main body or an external power 
supply voltage applied through the AC adapter. Even if 
the power switch of the computer is turned off, the power 
supply circuit 47 generates a backup power supply volt- 
age BK and supplies it to each unit. 
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[0114] Fig. 2showstheouterappearanceofthiscom- 
puter and a display screen of the status LCD 44. 
[0115] As shown in Fig. 2, the keyboard 51 is integral- 
ly formed with the computer main body, and the status 
5 LCD 44 is also arranged in the computer main body. The 
LCD panel 49 is mounted on the main body to be pivotal 
between an open position and a closed position. The 
status LCD 44 has a display area R1 for displaying nu- 
merical values such as a remaining battery use time and 
10 11 icon display areas R2 through R12. 

[0116] Three digits for displaying the remaining bat- 
tery capacity are displayed on the display area R1 . In 
this case, the remaining capacity is displayed as a re- 
maining use time in numerical values or percentage. To 
'5 display time, a mark icon ":" is turned on. To display a 
value in percentage, a mark icon "%" is turned on. An 
icon representing AC adapter driving or battery driving 
is displayed in the icon display area R2. In this case, in 
AC adapter driving, a jack plug icon is turned on. In bat- 
20 tery driving, the jack plug icon is turned off. The R3 in 
Fig. 2 indicates a power ON state. The icon R3 is turned 
on and off when the system is powered on and off, re- 
spectively. Atap waterfaucet icon representing the set- 
up state of the battery save mode using the number of 
25 water droplets is displayed in the icon display area R4. 
The battery save modes include three modes (full power 
mode, economy mode, and low power mode) as com- 
binations of operation modes such as the settings/non- 
settings of a CPU clock frequency and a CPU sleep 
30 mode and the settings/nonsettings of the display and 
HDD auto off functions, and a user setting mode in which 
these operation modes can be arbitrarily set. The power 
consumption is reduced in an order of the full power 
mode, the economy mode, and the low power mode. 
35 The number of water droplets in the tap water faucet 
icon is changed in accordance with the magnitude of 
power consumption. Inthefull power mode, allthewater 
droplets are ON. The number of ON water droplets is 
reduced in the order of the economy mode and the low 
40 power mode. In the user setting mode, the number of 
ON water droplets is determined in accordance with the 
setting state of each operation mode. In the user setting 
mode, a hand icon shown in Fig. 2 is always set in the 
ON state. This hand icon is kept off in modes (i.e., the 
45 full power mode, the economy mode, and the low power 
mode) except for the user setting mode. Switching be- 
tween the full power mode, the economy mode, the low 
power mode, and the user setting mode is executed by 
hot key processing provided by the CPU 21 . 
so [0117] A book icon shown in Fig. 2 is displayed in the 
icon display area R5 to indicate the resume or boot 
mode. In the resume mode, the system statuses are 
saved in a battery backed-up memory when the system 
is powered off. When the system is powered on, the sys- 
55 tern is restored to the state immediately before the sys- 
tem is powered off. In the boot mode, the system is ini- 
tialized each time it is powered. In this case, the book 
icon is ON in the resume mode. In the boot mode, the 
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book icon becomes OFF. Switching between the 
resume and boot modes is executed by hot key process- 
ing provided by the CPU 21 . 

[0118] A hard disk icon and a floppy disk icon which 
are kept on in use of the hard disk and the floppy disk s 
are displayed in the icon display areas R6 and R7, re- 
spectively. A mail icon representing a received electron- 
ic mail is displayed in the icon display area R8. A letter 

icon, which represent a key input mode at the keyboard '0 
are displayed on the icon display areas R9, R10, R11, 
and R12 respectively. In this case, the letter icon in the 
display area R9 is ON in the capital-letter key input 
mode. The arrow icon in the display area R1 0 is ON in 
the Arrow mode using an overlay arrow key. The numer- '5 
ic key icon in the display area R1 1 is ON in the Numeric 
mode using an overlay numeric key. The scroll icon in 
the display area R1 2 is displayed in the scroll lock mode. 
Switching between these key input modes is executed 
by hot key processing provided by the keyboard control- 20 
ler (KBC) 30. 

[0119] Fig. 3 shows an extracted hardware arrange- 
ment associated with communication between the CPU 
21 and the keyboard controller (KBC) 30 an between 
the CPU 21 and the power supply controller (PSC) 46. 25 
[0120] As described above, control information com- 
munication between the CPU 21 and the keyboard con- 
troller (KBC) 30 is realized such that the CPU 21 read/ 
write-accesses, through the system bus 21 , the register 
group for communication with the keyboard controller 30 
(KBC) 30. which is arranged in the status LCD control 
gate array (SLCDC GA) 26, and that the keyboard con- 
troller (KBC) 30 read/write-accesses the register group 
through the keyboard interface bus (KBC-BUS) 13. In 
this case, in transfer from the CPU 21 to the keyboard 35 
controller (KBC) 30, while the CPU 21 writes control in- 
formation in the register group through the system bus 
1 1 , the keyboard controller (KBC) 30 executes any other 
processing. When the control information is written in 
the register group, a request signal is transmitted from 40 
the status LCD control gate array (SLCDC GA) 26 to the 
keyboard controller (KBC) 30. Thereafter, communica- 
tion is performed between the status LCD control gate 
array (SLCDC GA) 26 and the keyboard controller 
(KBC) 30. During this period, the CPU 21 and the sys- 45 
tern bus 11 are free from this control information transfer. 
Similarly, in transferfrom the keyboard controller (KBC) 
30 to the CPU 21 , while the keyboard controller (KBC) 
30 writes control information in the register group 
through the keyboard interface bus (KBC-BUS) 1 3, the so 
CPU 21 and the system bus 11 are free from this control 
information transfer. When the control information is 
written inthe register group, an SMIsignal is transmitted 
from the status LCD control gate array (SLCDC GA) 26 
to the CPU 21, and then communication is performed ss 
between the status LCD control gate array (SLCDC GA) 
26 and the CPU 21. During this period, the keyboard 
controller (KBC) 30 is free from this control information 
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transfer. 

[0121] Even if the number of times of data transfer be- 
tween the CPU 21 and the keyboard controller (KBC) 
30 is increased, an increase in time which occupies the 
system bus 11 and the CPU 21 in data transfer is small. 
Therefore, special functions associated with system 
function expansion such as a hot key function and a se- 
curity function can be provided to the keyboard control- 
ler (KBC) 30. 

[0122] Control information communication between 
the CPU 21 and the power supply controller (PSC) 46 
is realized such that the CPU 21 read/write-accesses, 
through the system bus 21 , the register group for the 
power supply controller (PSC) 46, which is arranged in 
the status LCD control gate array (SLCDC GA) 26, and 
that the power supply controller (PSC) 46 read/write-ac- 
cesses the register group through the power supply in- 
terface bus (PSC-BUS) 14. In this case, as in commu- 
nication between the CPU 21 and the keyboard control- 
ler (KBC) 30, in transferfrom the CPU 21 to the power 
supply controller (PSC) 46, a request signal is transmit- 
ted to the power supply controller (PSC) 46. In transfer 
from the power supply controller (PSC) 46 to the CPU 
21 , an SMI signal is transmitted to the CPU 21 . 
[0123] Communication between the CPU 21 and the 
keyboard controller (KBC) 30 will be exemplified by 
transmission of hot key data. 

[0124] Transmission of hot key data is performed us- 
ing an SMI transmission register 102 and an Fn status 
register 101 which is assigned as a hot key register in 
the register group for communication with the keyboard 
controller (KBC) 30. 

[0125] As described above, the hot key processing is 
started upon operation of a specific key assigned as a 
hot key on the keyboard 51 . Several hot key processing 
operations defined for specific keys can be selectively 
called by simultaneously depressing the [Fn] key and 

the specific keys such as [F1], [F2] 

[0126] When the [Fn] and any specific key are simul- 
taneously depressed, the keyboard controller (KBC) 30 
writes key data in the Fn status register 1 01 in the status 
LCD control gate array (SLCDC GA) 26 through the key- 
board interface bus (KBC-BUS) 13 and writes SMI issu- 
ance data "1" in bit 7 of the SMI transmission register 
1 02 so as to inform the CPU 21 of this hot key data. The 
key data set in the Fn status register 101 comprises the 
scan code (make code/break code) of the key simulta- 
neously depressed together with the [Fn] key. 
[0127] When data "1" is set in bit 7 of the SMI trans- 
mission register 102, an SMI signal of low level is gen- 
erated by the status LCD control gate array (SLCDC 
GA) 26 and is supplied to the CPU 21 through the AND 
gate G1 . 

[0128] The CPU 21 starts the SMI processing pro- 
gram overlaid in the memory 23 in response to the SMI 
signal and performs the following operations. 
[01 29] The CPU 21 read-accesses the Fn status reg- 
ister 101 in the status LCD control gate array (SLCDC 
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GA) 26 to determine whether the SMI signal represents 
a hot key operation. If the key data is set in the Fn status 
register 101, the CPU 21 detects that the SMI repre- 
sents the hot key processing. The CPU 21 performs a 
hot key function such as instant security mode switch- 
ing, battery save mode switching, switching between the 
resume and boot modes, switching between LCD and 
CRT display modes, and monochrome inverted display 
switching, or the like, in accordance with the contents of 
the key data. 

[0130] In this case, when a function required to 
change the icon in the status LCD 44 is to be performed, 
i.e., battery save mode switching or switching between 
the resume and boot modes is to be executed, the CPU 
21 writes control data in an icon display control register 
in the status LCD control gate array (SLCDC GA) 26 and 
controls the icon ON/OFF states to states correspond- 
ing to the contents of the mode switching. 
[0131] If thefunction of hot key processing designated 
by the [Fn] and a specific key is a keyboard overlay func- 
tion or a scroll lock function, the keyboard controller 
(KBC) 30 directly accesses the icon display control reg- 
ister in the SLCDC GA 26. At this time, the SMI is not 
generated. 

[0132] On the other hand, the power supply controller 
(PSC) 46 also communicates with the status LCD con- 
trol gate array (SLCDC GA) 26 through the power supply 
interface bus (PSC-BUS) 14 to perform polling to read 
the contents of the Fn status register 1 01 . If the key data 
set in the Fn status register 101 is speaker volume 
change data or the brightness/contrast adjustment data 
of the LCD panel 49, the power supply controller (PSC) 
46 performs the corresponding processing. In this case, 
the SMI is generated with respect to the CPU 21 but the 
CPU 21 does not perform any processing and returns 
from the hot key processing routine to the main routine. 
[0133] When the power supply controller (PSC) 46 
detects the ON/OFF state of a power switch of the com- 
puter, the attached/detached state of the AC adapter, or 
the low battery state, the power supply controller (PSC) 
46 writes detection information in a predetermined reg- 
ister of the status LCD control gate array (SLCDC GA) 
26 through the power supply interface bus (PSC-BUS) 
1 4 so as to inform the CPU 21 of the detection informa- 
tion. At this time, as in the hot key processing, an SMI 
signal is generated by the CPU 21 to start the SM proc- 
ess of the CPU 21. 

[0134] The detailed arrangement of the status LCD 
control gate array (SLCDC GA) 26 will be described with 
reference to Fig. 4. 

[0135] As shown in Fig. 4, the status LCD control gate 
array (SLCDC GA) 26 comprises dedicated registers 
201, an ISA-BUS interface logic 202 connected to the 
system bus (ISA-BUS) 11, a KBC-BUS interface logic 
203 connected to the keyboard interface bus 
(KBC-BUS) 1 3, a PSC-BUS interface Iogic204 connect- 
ed to the power supply interface bus (PSC-BUS) 1 4, an 
SMI output logic 205 for outputting an SMI signal to the 



AND gate G1 , and a status LCD interface logic 206 for 
controlling the status LCD 44. 

[0136] The dedicated registers 201 comprise 48 8-bit 
registers and include a communication register group 
5 for communication with the keyboard controller (KBC) 
30, a communication register group for communication 
with the power supply controller (PSC) 46, and a display 
control registerforthe status LCD 44. Different address- 
es are assigned to these registers. 
10 [0137] The ISA-BUS interface logic 202 controls to in- 
terface with thesystem bus (ISA-BUS) 1 1 . The ISA-BUS 
interface logic 22 uses an address enable signal (AEN), 
an address signal (SA), an I/O read signal (IORD), an I/ 
O write signal (IOWR), and 8-bit data of thesystem data 
15 bus (SD), all of which are supplied from the CPU 21 
through thesystem bus 11 , so as to control the read and 
write operations of the dedicated registers 201 in ac- 
cordance with a request from the CPU 21 . In this case, 
a specific registerto be actually accessed is determined 
20 by decoding the address signal (SA). 

[01 38] The KBC-BUS interface logic 203 uses a read/ 
write signal R/W, a strobe signal (STROB), and the ad- 
dress/data of an 8-bit KBC data line (KBC- DATA) of the 
keyboard interface bus (KBC-BUS), all of which aresup- 
25 plied through the keyboard interface bus (KBC-BUS), 
so as to control the read and write operations of the ded- 
icated registers 201 in accordance with a request from 
the keyboard controller (KBC) 30. The KBC-BUS inter- 
face logic 203 is connected to a predetermined bit po- 
30 sition of a predetermined register used in communica- 
tion with the keyboard controller (KBC) 30. A request 
signal (REQUEST) is output to the keyboard controller 
(KBC) 30 in response to data "1 " set at this bit position 
by the CPU 21 . This request signal (REQUEST) is used 
35 to cause the keyboard controller (KBC) 30 to read out 
the data contents of the register set by the CPU 21 . An 
actual communication sequence between the keyboard 
controller (KBC) 30 and the status LCD control gate ar- 
ray (SLCDC GA) 26, using this interface signal, will be 
40 described with reference to Figs. 5 through 7 later. 
[01 39] The PSC-BUS interface logic 204 uses a read/ 
write signal R/W, a strobe signal (STROB), and the ad- 
dress/data of an 8-bit PSC data line (PSC-DATA) of the 
power supply interface bus (PSC-BUS), all of which are 
45 supplied through the power supply interface bus 
(PSC-BUS) 14, so as to control the read and write op- 
erations of the dedicated registers 201 in accordance 
with a request from the power supply controller (PSC) 
46. The PSC-BUS interface logic 204 is connected to a 
so predetermined bit position of a predetermined register 
used in communication with the power supply controller 
(PSC) 46. A request signal (REQUEST) is outputtothe 
power supply controller (PSC) 46 in response to data 
"1" set at this bit position by the CPU 21 . An actual com- 
55 munication sequence between the power supply con- 
troller (PSC) 46 and the status LCD control gate array 
(SLCDC GA) 26, using this interface signal, will be de- 
scribed with reference to Figs. 8 through 10 later. 
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[0140] The SMI output logic 205 is connected to bit 7 
of the SM I transmission register 1 02 arranged in the reg- 
ister group for communication with the keyboard con- 
troller (KBC) 30 and bit 7 of the SMI transmission reg- 
ister arranged in the register group for communication s 
with the power supply controller (PSC) 46. When data 
"1 " is set in one of both bits 7, the SMI output logic 205 
outputs an SMI signal of low level. This SMI signal is 
suppliedtotheSMI input oftheCPU21 through the AND 
gateGL 10 
[0141] The status LCD interface logic 206 is arranged 
to control the status LCD 44 in accordance with the con- 
tents of the display control register group arranged in 
the dedicated registers 201 . The status LCD interface 
logic 206 controls the status LCD 44 in accordance with '5 
a combination of four common signals and 11 segment 
signals. In this case, the digits and the icon (44 icons in 
total) ON/OFF states of the respective display areas of 
the status LCD 44 are determined in accordance with 
the contents ("1"/"0") of the display control data set in 20 
the corresponding registers. The display control data 
are set in the display control register group by the CPU 
21, the keyboard controller (KBC) 30, and the power 
supply controller (PSC) 46. The display control data set 
by the CPU 21 are data for designating the ON/OFF 25 
states of the tap water faucet icon in the display area 
R4, the book icon in the display area R5, the hard disk 
icon in the display area R6, the floppy disk icon in the 
display area R7, and the mail icon in the display area 
R8 in the status LCD 44, as shown in Fig. 2. The hand 20 
disk icon and the floppy disk icon in the display areas 
R6 and R7 are turned on or off not by the CPU 21 but 
directly by the signals from the HDD 42 and FDC 27. 
The display control data set by the keyboard controller 
(KBC) 30 are data for designating the ON/OFF states of 35 
the icons in the display areas R9 through R1 2 in the sta- 
tus LCD 44. The display control data set by the power 
supply controller (PSC) 46 are data for designating the 
ON/OFF states of the three digits in the display area R1 , 
the power supply icon in the display area R2, and the 40 
power icon in the display area R3. 
[0142] The communication sequence between the 
keyboard controller (KBC) 30 and the status LCD control 
gate array (SLCDC GA) 26, using the keyboard inter- 
face bus (KBC-BUS) 1 3 will be described with reference 45 
to Figs. 5 through 7. 

[0143] Fig. 5 shows an interface between the key- 
board controller (KBC) 30 and the status LCD control 
gate array (SLCDC GA) 26. As shown in Fig. 5, the key- 
board interface bus (KBC-BUS) 13 comprises a total of so 
11 lines, i.e., eight KBC data lines (KBC-DATA), a read/ 
write signal (R/W) line 132, a strobe signal (STROB) 
line 133, and a request signal (REQUEST) LINE 134. 
The eight KBC data lines (KBC-DATA) 1 31 are also used 
to transmit an address. Eight of the 11 scan lines are ss 
used as the KBC data lines (KBC-DATA) 131 . 
[0144] More specifically, the 11 scan lines are con- 
nected to the scan-out I/O ports of the keyboard control- 



ler (KBC) 30 to transmit, to the keyboard 51 , a scan sig- 
nal for scanning the key matrix of the keyboard 51 . Eight 
return lines are connected to the scan-in I/O ports of the 
keyboard controller (KBC) 30 to receive a return signal 
from the keyboard 51. Eight of the 11 scan-out I/O ports 
are also connected to the KBC data lines (KBC-DATA) 
131 and are used to transmit or receive data to or from 
the status LCD control gate array (SLCDC GA) 26. In 
this case, during data exchange with the status LCD 
control gate array (SLCDC GA) 26, a signal on the return 
line is invalidated by the control logic in the keyboard 
controller (KBC) 30, and no conversion into a scan code 
is performed. 

[0145] In this manner, according to this embodiment, 
eight of the 11 scan lines are used as the data lines of 
the keyboard interface bus (KBC-BUS) 13 to reduce the 
number of I/O port terminals of the keyboard controller 
(KBC) 30. In this manner, the I/O ports are commonly 
used by the scan lines and the KBC data lines (KBC-DA- 
TA) 131 , so that a state-of-the-art keyboard controller 
chip can be used by simply changing a program. 
[0146] Figs. 6A through 6C are timing charts of caus- 
ing the keyboard controller (KBC) 30 to write data in the 
register in the status LCD control gate array (SLCDC 
GA) 26. 

[0147] As shown in Figs. 6A through 6C, since the 
keyboard controller (KBC) 30 normally transmits a scan 
signal to the keyboard 51 , the scan signal can be trans- 
mitted onto the KBC data lines (KBC-DATA) 131 except 
for a communication period with the status LCD control 
gate array (SLCDC GA) 26. To write data in the register 
of the status LCD control gate array (SLCDC GA) 26, 
an address for designating the register is output from 
the keyboard controller (KBC) 30 onto the KBC data 
lines (KBC-DATA) 131 , and then write data is output on- 
to the KBC data lines (KBC-DATA) 131 . During the pe- 
riod in which the address or data appears on these data 
lines, a return signal from the keyboard 51 is invalidated. 
The read/write signal (R/W) from the keyboard control- 
ler (KBC) 30 is kept at low level. 
[01 48] When the strobe signal (STROB) from the key- 
board controller (KBC) 30 rises, the address on the KBC 
data lines (KBC-DATA) 131 is fetched by the status LCD 
control gate array (SLCDC GA) 26, and the register des- 
ignated by this address is selected. When the strobe sig- 
nal (STROB) rises, the current data on the KBC data 
lines (KBC-DATA) 131 is written in the selected register. 
[0149] By this write operation, for example, the hot 
key data and data are respectively written in the Fn sta- 
tus register 101 and the SMI transmission register 102. 
[0150] Figs. 7A through 7C are timing charts of caus- 
ing the keyboard controller (KBC) 30 to read data from 
the register of the status LCD control gate array (SLCDC 
GA) 26. 

[0151] To read data from the register of the status LCD 
control gate array (SLCDC GA) 26, an address for des- 
ignating the register is output from the keyboard control- 
ler (KBC) 30 onto the KBC data lines (KBC-DATA) 131 . 
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When the strobe signal (STROB) from the keyboard 
controller (KBC) 30 falls, the address on the KBC data 
lines (KBC- DATA) 131 is fetched by the status LCD con- 
trol gate array (SLCDC GA) 26. Then, the KBC 30 
switches the KBC data line from the output state to the 
input state. When the read/write signal (R/W) from the 
keyboard controller (KBC) 30 goes high, the read oper- 
ation of the register designated by the address is exe- 
cuted, and read data is output from the status LCD con- 
trol gate array (SLCDC GA) 26 onto the KBC data lines 
(KBC-DATA) 1 31 . When the read data on the KBC data 
lines (KBC-DATA) is fetched by the keyboard controller 
30, the strobe signal (STROB) goes high and finally the 
read/write signal (R/W) goes low. As a result, the read 
data output from the SLCD GA 26 is ceased. 
[0152] This read operation is executed when, for ex- 
ample, control information from the CPU 21 is transmit- 
ted as a command to the keyboard controller (KBC) 30. 
In this case, the read operation is performed in response 
to the request signal (REQUEST) from the status LCD 
control gate array (SLCDC GA) 26. 
[0153] A plurality of communication registers are pre- 
pared in the status LCD control gate array (SLCDC GA) 
for communication with the keyboard controller (KBC) 
30. Once control information is set in such a register by 
the CPU 21 , the above-mentioned read operation can 
be repeated to continuously read out a plurality of con- 
trol information by the keyboard controller (KBC) 30. In 
this case, only the dedicated keyboard interface bus 
(KBC-BUS) 13 is used in communication between the 
status LCD control gate array (SLCDC GA) 26 and the 
keyboard controller (KBC) 30. The system bus 
(ISA-BUS) is not used, so that many kinds of control in- 
formation can be transmitted to the keyboard controller 
(KBC) 30 without adversely affecting the system per- 
formance as a whole. 

[0154] Control information transmitted from the CPU 
21 to the keyboard controller (KBC) 30 is exemplified by 
hot key definition information or the like for assigning a 
specific key on the external keyboard 53 as a hot key. 
That is, although each hot key is defined by the "Fn + 
(any key)" in use of the internal keyboard 51 , the exter- 
nal keyboard 53 does not have a special key such as 
the [Fn] key, and a combination of several keys on the 
external keyboard 53 must be used in place of the [Fn] 
key. In this case, a key pattern represented by a combi- 
nation of several keys is transmitted from the CPU 21 
to the keyboard controller (KBC) 30 as the hot key def- 
inition information. Transmission of the hot key definition 
information to the keyboard controller (KBC) 30 is per- 
formed in, e.g., in the initialization routine by the CPU 
21 upon power-ON operation. Details of transmission 
processing of the hot key definition information to the 
keyboard controller (KBC) 30 will be described with ref- 
erence to Fig. 16. 

[0155] A communication sequence between the pow- 
er supply controller (PSC) 46 and the status LCD control 
gate array (SLCDC GA) 26, using the power supply in- 



terface bus (PSC-BUS) 14, will be described with refer- 
ence to Figs. 8 through 10. 

[0156] Fig. 8 shows the interface between the power 
supply controller (PSC) 46 and the status LCD control 

5 gate array (SLCDC GA) 26. As shown in Fig. 8, the pow- 
er supply interface bus (PSC-DATA) 1 4 comprises a to- 
tal of 11 lines, i.e., eight PSC data lines (PSC-DATA) 
141 , a read/write signal (R/W) line 142, a strobe signal 
(STROB) line 143, and a request signal (REQUEST) 

10 LINE 144. In this case, the eight PSC data lines 
(PSC-DATA) 141 are used to receive and transmit both 
data and an address. 

[0157] Figs. 9A through 9C are timing charts of caus- 
ing the power supply controller (PSC) 46 to write data 
'5 in the register in the status LCD control gate array 
(SLCDC GA) 26. 

[0158] As shown in Figs. 9A through 9C, to write data 
in the register of the status LCD control gate array 
(SLCDC GA) 26, an address for designating the register 

20 is output from the power supply controller (PSC) 46 to 
the PSC data lines (PSC-DATA) 1 41 , and then write data 
is output onto the PSC data lines (PSC-DATA) 1 41 . The 
read/write signal (R/W) from the power supply controller 
(PSC) 46 is kept low. 

25 [0159] When the strobe signal (STROB) from the 
power supply controller (PSC) 46 falls, the address on 
the PSC data lines (PSC-DATA) 141 is fetched by the 
status LCD control gate array (SLCDC GA) 26, and the 
register designated by this address is selected. When 

30 the strobe signal (STROB) rises, the current data on the 
PSC data lines (PSC-DATA) 141 is written in the select- 
ed register. 

[0160] By this write operation, for example, power 
switch ON/OFF detection information, AC adapter at- 

35 tachment/detachment detection information, lowbattery 
state detection information, and the like can be written. 
[0161] Figs. 10A through 10C are timing charts for 
causing the power supply controller (PSC) 46 to read 
data from the register of the status LCD control gate ar- 

40 ray (SLCDC GA) 26. 

[01 62] To read data from the register of the status LCD 
control gate array (SLCDC GA) 26, an address for des- 
ignating the register is output from the power supply 
controller (PSC) 46 onto the PS C data l ines (PSC-DA- 

45 TA) 1 41 . When the strobe signal (STROB) from the pow- 
er supply controller (PSC) 46 falls, the address on the 
PSC data lines (PSC-DATA) 1 41 is fetched by the status 
LCD control gate array (SLCDC GA) 26. The PSC 46 
switches the PSC-DATAJ41 in the input state. When 

so the read/write signal (R/W) from the power supply con- 
troller (PSC) 46 goes high, the read operation of the reg- 
ister designated by the address is executed, and read 
data is output from the status LCD control gate array 
(SLCDC GA) 26 onto the PSC data lines (PSC-DATA) 

55 141. When the read data on the PSC data lines 
(PSC-DATA) is fetched by the power supply controller 
46, the strobe signal (STROB) goes high and finally the 
read/write signal (R/W) goes low. As a result, the read 
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data output from the SLCD GA 26 is ceased. 
[0163] This read operation is executed when, for ex- 
ample, control information from the CPU 21 is transmit- 
ted as a command to the power supply controller (PSC) 
46. In this case, the read operation is performed in re- s 
sponse to the request signal (REQUEST) from the sta- 
tus LCD control gate array (SLCDC GA) 26. 
[0164] A plurality of communication registers are pre- 
pared in the status LCD control gate array (SLCDC GA) 
for communication with the power supply controller '0 
(PSC) 46. Once control information is set in these reg- 
isters by the CPU 21 , the above-mentioned read oper- 
ation can be repeated to continuously read out a plurality 
of control information by the power supply controller 
(PSC) 46. In this case, only the dedicated power supply '5 
interface bus (PSC-BUS) 14 is used in communication 
between the status LCD control gate array (SLCDC GA) 
26 and the power supply controller (PSC) 46. The sys- 
tem bus (ISA-BUS) 11 is not used, so that many kinds 
of control information can be transmitted to the power 20 
supply controller (PSC) 46 without adversely affecting 
the system performance as a whole. 
[0165] A detailed arrangement of the keyboard con- 
troller (KBC) 30 will be described with reference to Figs. 
11 through 13. 25 
[0166] Fig. 11 shows states of signal assignment to 
the plurality of I/O ports of the keyboard controller (KBC) 
30. Figs. 12 and 13 describe the functions of signals re- 
ceived at or transmitted from these I/O ports. 
[0167] The keyboard controller (KBC) 30 comprises 20 
a one-chip microcomputer including a CPU, a ROM, a 
RAM, and a plurality of I/O ports. As shown in Fig. 11 , 
these I/O ports are assigned to interface with the system 
bus (ISA-BUS) 11, the status LCD control gate array 
(SLCDC GA) 26, the internal keyboard 51 , the mouse 35 
52, the external keyboard 53, and a numeric key pad 
54, as shown in Figs. 12 and 13. 
[0168] As can be apparent from Figs. 12 and 13, to 
interface with the system bus (ISA-BUS), eight ports 
DB0 through DB7, a reset signal input terminal (R), an 40 
I/O write signal input terminal (WR), an I/O read signal 
input terminal (RE), a chip select signal input terminal 
(CS), an address input terminal (C/D) for receiving the 
lower third bit (SA02) of a system address signal, and 
clock input terminals (X1 and X2) are used. The eight 45 
ports DB0 through DB7 are used to exchange data be- 
tween an 8-bit register in the keyboard controller (KBC) 
30 and the CPU 21 and are connected to the lower eight 
bits (SD7 - SD0) of the 1 6-bit data bus of the system bus 
(ISA-BUS) 11. 50 
[0169] To interface with the internal keyboard 51, 
ports POO through P07, P30 through P32, and P40 
through P47 are utilized. Of these ports, the ports POO 
through P07 and P30 through P32 are connected to the 
1 1 scan lines of the internal keyboard 51 , respectively, ss 
The ports P40 through P47 are connected to the eight 
return lines of the internal keyboard 51 , respectively. Of 
the ports POO through P07 and P30 through P32, the 



eight ports POO through P07 are also used in communi- 
cation with the status LCD control gate array (SLCDC 
GA) 26. The ports POO through P07 are also connected 
to the eight bit data lines of the keyboard interface bus 
(KBC-BUS) 1 3, as described with reference to Fig. 5. To 
interface with the status LCD control gate array (SLCDC 
GA) 26, in addition to the ports POO through P07, ports 
P60 through P62 are also used. The ports P60 and P61 
are used to transmit the read/write signal (RAW) and the 
strobe signal (STROB) to the status LCD control gate 
array (SLCDC GA) 26. The port P62 is used to receive 
the request signal (REQUEST) from the status LCD 
control gate array (SLCDC GA) 26. To interface with the 
external keyboard 53, ports P26 and P27 are used. The 
ports P26 and P27 are used to exchange data and a 
clock with the scan code controller incorporated in the 
external keyboard 53. 

[0170] The keyboard controller (KBC) 30 has two 
types of ports to communicate with the CPU 21. One 
type of port is a port for communicating with the CPU 21 
through the system bus (ISA-BUS) 11, and the other 
type of bus is a port for communicating with the CPU 21 
through the keyboard interface bus (KBC-BUS) 13 and 
the status LCD control gate array (SLCDC GA) 26. 
[0171] In this case, the port for communicating with 
the CPU 21 through the system bus (ISA-BUS) 11 is 
used to exchange existing commands associated with 
keyboard control and the like required in execution of 
an application program orthe like and to transmit normal 
key data to transfer it to the application program orthe 
like. On the other hand, the port for communicating with 
the CPU 21 through the keyboard interface bus 
(KBC-BUS) 13 and the status LCD control gate array 
(SLCDC GA)26 is used for expansion function provided 
to the this computer, i.e., exchange of commands asso- 
ciated with execution of hot key processing and the se- 
curity function and to transmit hot key data. 
[0172] In this manner, the keyboard controller (KBC) 
30 is arranged to exchange the existing command used 
in the application program or the like and other com- 
mands added for function expansion through different 
command path routes. For this reason, execution of a 
special function is requested while a command from the 
application program is set in the I/O register for commu- 
nication with the system bus, which is arranged in the 
keyboard controller (KBC) 30, the command for execut- 
ing the requested special function can be exchanged 
without temporarily saving the contents of this I/O reg- 
ister. The expansion function can be efficiently per- 
formed without adversely affecting execution of the ap- 
plication program while maintaining compatibility with a 
conventional system. 

[0173] Fig. 14 is a flow chart for key data transmission 
processing by the keyboard controller (KBC) 30. 
[0174] In key data transmission, the keyboard control- 
ler (KBC) 30 determines whether the depressed key of 
the internal keyboard 51 is a hot key (i.e. , Fn + (any other 
key)) (step S11). This determination can be performed 
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such that a scan code corresponding to the depressed 
key is compared with that of the Fn key to determine 
whether a coincidence is established. 
[0175] If the depressed key is a hot key, the keyboard 
controller (KBC) 30 transmits key data from the ports s 
POO through P07 connected to the keyboard interface 
bus (KBC-BUS) 13 to the status LCD control gate array 
(SLCDC GA) 26 (step S12). In this case, the key data 
to be transmitted represents a scan code of a key simul- 
taneously depressed with the Fn key (the depression '0 
period is represented by a make code, and the key re- 
lease is represented by a break code). This scan code 
is set in the Fn status register 101 in the status LCD 
control gate array (SLCDC GA) 26 . In step S12 of key 
data transmission, the keyboard controller (KBC) 30 '5 
sets data "1" in bit 7 of the SMI transmission register 
1 02 of the status LCD control gate array (SLCDC GA) 
26 so as to issue an SMI signal. 
[0176] On the other hand, when the depressed key is 
determined as a key other than a hot key, the keyboard 20 
controller (KBC) 30 transmits key data from the ports 
DB0 through DB7 connected to the system bus 
(ISA-BUS) 11 (step S13). In this data transmission 
processing, the key data is set in the register in the key- 
board controller (KBC) 30 to communicate with the sys- 25 
tern bus (ISA-BUS) 1 1 , and a key input interrupt signal 
IRQ1 is generated from the port 24. This key input in- 
terrupt signal IRQ1 is supplied as a maskable interrupt 
to the CPU 21 through the I/O controller 21 . 
[0177] Fig. 15 is a flow chart showing command 30 
processing by the keyboard controller (KBC) 30. 
[0178] The command processing functions of the key- 
board controller (KBC) 30 are roughly classified into an 
existing command processing function released to the 
application program orthe like and any other expansion 35 
command processing function. The existing command 
processing function is used to perform normal key input 
control such as repetition speed control. The expansion 
command processing function is used to realize the hot 
key function and the security function. In this expansion 40 
command processing, for example, password collation 
processing upon power-ON operation, password colla- 
tion processing in the instant security mode, registration 
processing of hot key definition information from the ex- 
ternal keyboard, and the like are performed. 45 
[0179] The existing command processing function for 
the normal key input control or the like is executed in 
response to a command received from the CPU 21 
through the ports DB0 through DB7 connected to the 
system bus (ISA-BUS) 1 1 . The command processing re- so 
suit is also informed to the CPU 21 through the system 
bus (ISA-BUS) 1 1 . The expansion command processing 
function such as password collation processing and the 
hot key definition information registration processing is 
performed in response to a command received from the ss 
CPU 21 through the ports POO through P07 connected 
to the keyboard interface bus (KBC-BUS) 1 3. The com- 
mand processing result is also informed to the CPU 21 



through the keyboard interface bus (KBC-BUS) 13. 
[0180] The normal command processing and the ex- 
pansion command processing have different execution 
functions, a command reception processing form, and 
a processing result informing processing form. For this 
reason, command processing by the keyboard control- 
ler (KBC) 30 is executed as follows. 
[0181] That is, the keyboard controller (KBC) 30 de- 
termines whether a command is a command supplied 
through the system bus (ISA-BUS) 11 or a command 
supplied through the keyboard interface bus 
(KBC-BUS) 13. This determination is performed by de- 
termining whether the I/O write signal (IOWR) supplied 
to the port WR or the request signal supplied to the port 
P62 is enabled (steps S21 and S22). 
[0182] When the I/O signal (IOWR) is enabled, the 
current command is supplied through the system bus 
(ISA-BUS) 11, and a normal processing routine consti- 
tuted by steps S23 through S25 is executed. In this case, 
the keyboard controller (KBC) 30 receives a command 
from the ports DB0 through DB7 connected to the sys- 
tem bus (ISA-BUS) 11 (step S23). The keyboard con- 
troller (KBC) 30 performs command processing for nor- 
mal key input control such as repetition speed control 
requested from the application program orthe like in ac- 
cordance with the received command (step S24). When 
the command processing is completed, the keyboard 
controller (KBC) 30 sets data representing the process- 
ing result orthe end of processing in the I/O register for 
communication with the system bus (ISA-BUS) 11 . This 
data is transmitted from the ports DB0 through DB7 to 
the CPU 21 (step S25). 

[0183] On the other hand, when the request signal 
(REQUEST) is enabled, the current command is sup- 
plied through the keyboard interface bus (KBC-BUS) 1 3 . 
An expansion processing routine constituted by steps 
S26 through S28 is executed. In this case, the keyboard 
controller (KBC) 30 receives the command from the 
ports POO through P07 connected to the keyboard inter- 
face bus (KBC-BUS) 13 (step S26). This reception 
processing is performed such that the keyboard control- 
ler (KBC) 30 read-accesses a predetermined register in 
the status LCD control gate array (SLCDC GA) 26 in 
response to the request signal (REQUEST). The key- 
board controller (KBC) 30 performs expansion com- 
mand processing in accordance with the received com- 
mand (step S27). When this command processing is 
completed, the keyboard controller (KBC) 30 writes data 
representing the processing result or the end of 
processing in a predetermined register in the status LCD 
control gate array (SLCDC GA) 26 from the ports POO 
through P07so as to inform the CPU 21 of the process- 
ing result orthe end of processing (step S28). 
[0184] In this manner, the keyboard controller (KBC) 
30 does not use the system bus (ISA-BUS) 11 but uses 
the keyboard interface bus (KBC-BUS) 13 to receive the 
expansion processing command and transmit the 
processing result. For this reason, the hot key process- 
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ing and any other expansion processing can be per- 
formed using the keyboard controller (KBC) 30 without 
prolonging the time occupying the system bus 
(ISA-BUS) 1 1 . Therefore, the performance of the com- 
puter system as a whole can be improved. 
[0185] Hot key definition registration processing will 
be exemplified as expansion command processing. 
[0186] Since the external keyboard 53 does not have 
the [Fn] key a hot key function must be realized by a 
combination of keys. When a hot key is assigned to a 
specific key of the external keyboard 53, key assign- 
ment may overlap depending on application programs 
to be executed. In this computer, a hot key pattern in 
use of the external keyboard is freely selected by a user 
in a combination of a maximum of three keys. This hot 
key pattern can be designated by e.g., starting a setup 
program. The designated key pattern is stored in the 
CMOS memory of the real time clock (RTC) in the I/O 
controller 22 described with reference to Fig. 1 . 
[0187] In the initialization routine executed when the 
power switch is turned on, the CPU 21 executes initial 
settings of various types of controllers in accordance 
with the system configuration information stored in the 
CMOS memory. To initialize the keyboard controller 
(KBC) 30, a hot key definition information registration 
processing command and the key pattern of a hot key 
stored in the CMOS memory are set from the CPU 21 
into the corresponding registers in the status LCD con- 
trol gate array (SLCDC GA) 26. A request signal (RE- 
QUEST) is supplied from the status LCD control gate 
array (SLCDC GA) 26 to the keyboard controller (KBC) 
30. 

[0188] In response to the requestsignal (REQUEST), 
the keyboard controller (KBC) 30 read-accesses the 
predetermined register in the status LCD control gate 
array (SLCDC GA) 26. If the readout data represents a 
hot key definition information registration command, the 
key pattern of the hot key is read from the register of the 
status LCD control gate array (SLCDC GA) 26 and is 
registered in the internal RAM or the like. In this manner, 
the hot key pattern designated by the user is registered 
as the hot key def in ition information in the keyboard con- 
troller (KBC) 30. 

[0189] This hot key pattern is used only when the ex- 
ternal keyboard 53 is used. When the internal keyboard 
51 is used, the Fn key is used. The external keyboard 
53 is optionally attached to the computer main body by 
the user, as needed. The attachment/detachment of the 
external keyboard 53 is detected by the keyboard con- 
troller (KBC) 30 in initialization. This detection operation 
is performed using known techniques as follows. For ex- 
ample, the clock and data are transmitted to the ports 
P26 and P27 connected to the external keyboard 53 to 
check a response from the external keyboard 53. Alter- 
natively, a decrease in voltage of the connectorconnect- 
ed to the external keyboard 53 is checked. 
[0190] When the power switch is turned on while the 
external keyboard 53 is attached, only a key input from 



the external keyboard 53 is accepted, and any key input 
from the internal keyboard 51 is invalidated. 
[0191] The actual key data transmission processing 
by the keyboard controller (KBC) 30 is shown in Fig. 16. 

5 [0192] More specifically, in key data transmission, the 
keyboard controller (KBC) 30 checks the present/ab- 
sence of the external keyboard 53 (step S31). This can 
be checked by referring to the presence/absence infor- 
mation of the external keyboard 53 detected during, e. 

10 g., initialization. When the external keyboard 53 is not 
attached to the main body, the scan code corresponding 
to the depressed key is compared with that of the Fn 
key, as described with reference to Fig. 14 to determine 
whether the depressed key is a hot key (Fn + (any other 

'5 key)) (step S32). If the depressed key is the hot key, the 
keyboard controller (KBC) 30 transmits the key data 
from the ports POO through P07 connected to the key- 
board interface bus (KBC-BUS) 13 to the status LCD 
control gate array (SLCDC GA) 26 (step S34). If the de- 

20 pressed key is a key otherthan the hot key, the keyboard 
controller (KBC) 30 transmits the key data from the ports 
DB0 through DB7 connected to the system bus 
(ISA-BUS) 11 (step S35). 

[01 93] On the other hand, when the external keyboard 
25 53 is connected to the main body, the scan code corre- 
sponding to the depressed key is compared with the 
scan code of the host key pattern registered in initiali- 
zation to determine whether the depressed key is a hot 
key (i.e., (hot key pattern) + (any other key)) (step S33). 
30 |f YES in step S33, processing in step S34 is executed. 
Otherwise, processing in step S35 is executed. 
[0194] Detailed key data transmission processing 
performed when the external keyboard 53 is connected 
to the main body will be described below. Assume that 
35 a hot key pattern is defined by two keys, i.e., [Ctrl] key 
+ [Alt] key and that the [Ctrl] and [Alt] keys are sequen- 
tially depressed and are kept depressed, and an [F1] 
key is depressed. In this case, the keyboard controller 
(KBC) 30 transmits key data as follows. 

(1) The scan code of the [Ctrl] key is transmitted 
from the ports DB0 through DB7 connected to the 
system bus (ISA-BUS) 11 as in the normal opera- 
tion. 

45 (2) The scan code of the [Alt] key is not transmitted 
because depression of the [Alt] key makes it possi- 
ble to set a hot key state. At this time, the break 
code of the [Ctrl] key is transmitted from the ports 
DB0 through DB7 connected to the system bus 

so (ISA-BUS) 11. 

(3) When the [F1] key is depressed next, the scan 
code of the [F1] key is transmitted from the ports 
POO through P07 connected to the keyboard inter- 
face bus (KBC-BUS) 13 to the status LCD control 

55 gate array (SLCDC GA) 26 to inform the CPU 21 of 
the input of the hot key by means of an SMI signal. 

[0195] Hot key processing executed by the power 
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supply controller (PSC) 46 will be described below. 
[0196] The power supply controller (PSC) 46 ex- 
changes various kinds of control information with the 
CPU 21 using the registers of the status LCD control 
gate array (SLCDC GA) 26. The powersupply controller s 
(PSC) 46 performs speaker volume adjustment or the 
brightness/contact adjustment of the LCD panel 49 in 
accordance with the hot key data set in the Fn status 
register 101 in the status LCD control gate array 
(SLCDC GA) 26. 10 
[0197] Fig. 17 shows a hardware circuit for speaker 
volume adjustment. 

[0198] A speaker volume adjustment function can be 
executed by a hot key operation using the [Fn] key + the 
[F4] key. Every time this hot key operation is performed, '5 
four states, i.e., "small volume", "medium volume", 
"large volume", and "off" are rotatably set, and at the 
same time, a beep tone is produced. In this case, the 
beep tone is kept produced during the period of depres- 
sion of the [Fn] and [F4] keys. 20 
[0199] This function is realized by the power supply 
controller (PSC) 46 and the hardware logic shown in Fig. 
17. That is, a drive circuit 61 of a speaker 60 has two 
ports A and B. Four speaker power supply voltages 
(SPK VCC) are selectively supplied from the power sup- 25 
ply controller (PSC) 46 to the port A. The four speaker 
power supply voltages (SPK VCC) correspond to the 
four states, i.e., "small volume", "medium volume", 
"large volume", and "off", respectively. A pulse signal for 
causing the speaker 60 to produce a beep tone is sup- 30 
plied to the port B of the drive circuit 61 . This pulse signal 
is generated by an AND gate 62 and an OR gate 63 
arranged in the PCMCIA gate array (PCMCIA GA) 28. 
[0200] A clock signal having a frequency of the beep 
tone is supplied from the timer in the I/O controller 22 to 35 
one input terminal of the AND gate 62, and an output 
from the OR gate 63 is supplied to the other input ter- 
minal of the AND gate 62. A speaker ON signal is sup- 
plied from the power supply controller (PSC) 46 to a first 
input terminal of the OR gate 63, an alarm signal for sig- 40 
naling various abnormal states is supplied to a second 
input terminal of the OR gate 63, and a beep signal gen- 
erated by an application program is supplied to a third 
input terminal of the OR gate 63. This alarm signal is 
generated in such cases thatthe LCD panel 49 is closed 45 
in the power-ON state and the AC adapter is acciden- 
tally disconnected. 

[0201] The power supply controller (PSC) 46 period- 
ically read-accesses the Fn status register 101. The 
power supply controller (PSC) 46 sets the speaker ON so 
signal to "1 " when the scan code (make code) of the [F4] 
key is received, and sets the speaker ON signal to "0" 
when a break code is received. The power supply con- 
troller (PSC) 46 rotatably generates the four speaker 
power supply voltages (SPK VCC) respectively corre- ss 
sponding to the "small volume", "medium volume", 
"large volume", and "off". This rotation is performed eve- 
ry time the scan code (make code) of the [F4] key is 



received. 

[0202] An operation of switching the speaker volume 
by a hot key will be described with reference to timing 
charts of Figs. 18A through 18C. 
[0203] When the [Fn] key and the [F4] key on the in- 
ternal keyboard 51 are simultaneously depressed, the 
scan code (make code) of the [F4] key is set in the Fn 
status register 101 in the status LCD control gate array 
(SLCDC GA) 26. The power supply controller (PSC) 46 
performs polling to periodically read-access the Fn sta- 
tus register 1 01 . If the read contents represent the scan 
code (make code) of the [F4] key, the powersupply con- 
troller (PSC) 46 sets the speaker ON signal to "1 ". The 
power supply controller (PSC) 46 rotates the state of the 
current speaker power supply voltage (SPK VCC) by 
one step. Forexample, if thecurrentspeakerpowersup- 
ply voltage (SPK VCC) corresponds to the "small vol- 
ume", the voltage is switched to a voltage corresponding 
to the "medium volume". A beep tone having the "medi- 
um volume" is produced from the speaker 60. When the 
[F4] key is released, the break code of the [F4] key is 
set in the Fn status register 101 in the status LCD control 
gate array (SLCDC GA) 26 and is read out by the power 
supply controller (PSC) 46. When the break code of the 
[F4] key is read out, the status LCD control gate array 
(SLCDC GA) 26 resets the speaker ON signal to "0". 
Therefore, production of the beep tone having the "me- 
dium volume" is stopped. 

[0204] In this state, when the [Fn] and [F4] keys are 
simultaneously depressed, the speaker power supply 
voltage (SPK VCC) is switched from the value corre- 
sponding to the "medium volume" to the value corre- 
sponding to the "large volume". A beep tone having the 
"large volume" is kept produced until the [F4] key is re- 
leased. When the [Fn] and [F4] keys are simultaneously 
depressed again, the speaker power supply voltage 
(SPK VCC) is switched from the value corresponding to 
the "large volume" to the value (power OFF) corre- 
sponding to "off". In this case, no beep tone is produced 
from the speaker 60. 

[0205] In this manner, in switching of the speaker vol- 
ume by the hot key processing, a beep tone is continu- 
ously produced while the [Fn] and [F4] are kept simul- 
taneously depressed. For this reason, the user can ar- 
bitrarily adjust the beep tone production period and the 
brightness and the contrast of the LCD panel 49 (linearly 
changes during the depression UP/DOWN) in accord- 
ance with the period during which the [Fn] and [F4] keys 
are simultaneously kept depressed. 
[0206] The brightness and the contrast adjustment of 
the LCD 49 will now be described with reference to Figs. 
1 9A through 1 9C and Fig. 20. 

[0207] In orderto increase the brightness of the LCD, 
[Fn] and [t] keys are depressed. In order to decrease 
the brightness of the LCD, [Fn] and [I] keys are de- 
pressed. In order to increase the contrast of the LCD, 
[Fn] and [^] keys are depressed. In orderto decrease 
the contrast of the LCD, [Fn] and [<-] keys are de- 
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pressed. Since the brightness control and the contrast 
control of the LCD aresimilar, only the brightness control 
of the LCD will be explained. 

[0208] When [Fn] and [t] keys in the internal keyboard 
51 are depressed, the scan code of the [T] key is set in s 
the Fn status register 1 01 in the SLCDG-GA 26 like the 
switching operation of the speaker volume. The PSC 46 
polls the Fn status register 1 01 and increments the value 
of the brightness register 55 (8 bits) in the PSC 46 shown 
in Fig. 20 by one when the read out content is the scan '0 
code of the [t] key. Similarly, when the read out content 
is the scan code of [I] key, the PSC 46 decrements the 
contents of the brightness register 55 by one. As shown 
in Figs. 1 9A through 1 9C, when the [t] key or [i] key is 
kept depressed for a predetermined period of time, for '5 
example one second or more, the above increment or 
decrement operations are repeated. The brightness 
register 55 comprises 8 bits and the value of which rang- 
es 0 to 255. The contents of the brightness register is 
converted into brightness voltage values of 0-5V by the 20 
D/A converter 56 and supplied to a back light control 
circuit (not shown) through the buffer 67. 
[0209] Similarly, in the contrast adjustment, the value 
of the contrast register 57 is incremented or decrement- 
ed by one in response to the depression of the [^] key 25 
or [<-] key, respectively, and the value is converted into 
the contrast voltage value ranging from 0 to 5 volts by 
the D/A converter 58 and supplied to a contrast voltage 
control circuit (not shown). 

[0210] As described above, in the portable computer 30 
of this embodiment, the dedicated registers for commu- 
nication with the keyboard controller (KBC) 30 are ar- 
ranged in the status LCD control gate array (SLCDC 
GA) 26 connected to the system bus (ISA-BUS) 11. 
These dedicated registers and the keyboard controller 35 
(KBC) 30 are connected through the keyboard interface 
bus (KBC-BUS) 13. For this reason, the CPU 21 read/ 
write-accesses the dedicated registers in the status 
LCD control gate array (SLCDC GA) 26 through the sys- 
tem bus (ISA-BUS) 1 1 . The keyboard controller (KBC) 40 
30 read/write-accesses the dedicated registers through 
the keyboard interface bus (KBC-BUS) 13. Therefore, 
exchange of various kinds of control information such 
as commands between the CPU 21 and the keyboard 
controller (KBC) 30 is performed. 45 
[0211] In this case, in transferfrom the CPU 21 to the 
keyboard controller (KBC) 30, the keyboard controller 
(KBC) 30 can perform other processing operations while 
the CPU 21 writes the control information in the register 
group or registers through the system bus (ISA-BUS) so 
1 1 . When the control information is written in the register 
group, a request signal is transmitted from the status 
LCD control gate array (SLCDC GA) 26 to the keyboard 
controller (KBC) 30. Thereafter, communication is per- 
formed between the status LCD control gate array ss 
(SLCDC GA) 26 and the keyboard controller (KBC) 30. 
During this period, the CPU 21 and the system bus 
(ISA-BUS) 11 are free from this control information 



transfer. Similarly, in the transferfrom the keyboard con- 
troller (KBC) 30 to the CPU 21 , while the keyboard con- 
troller (KBC) 30 writes control information in the register 
group through the keyboard interface bus (KBC-BUS) 
13, the CPU 21 and the system bus (ISA-BUS) 11 are 
free from this control information transfer. When the con- 
trol information is written in the register group, an SMI 
signal is transmitted from the status LCD control gate 
array (SLCDC GA) 26 to the CPU 21 . Thereafter, com- 
munication between the status LCD control gate array 
(SLCDC GA) 26 and the CPU 21 is performed. During 
this period, the keyboard controller (KBC) 30 is free from 
this control information transfer. 
[021 2] Even if the number of times of transfer between 
the CPU 21 and the keyboard controller (KBC) 30 is in- 
creased, an increase in time during which the system 
bus (ISA-BUS) 1 1 and the CPU 21 are occupied is very 
small. The keyboard controller (KBC) 30 can have spe- 
cial functions associated with system function expan- 
sion such as the hot key function and the security func- 
tion without degrading the system performance. 
[0213] Communication between the CPU 21 and the 
power supply controller (PSC) 46 can be realized such 
that the CPU 21 read/write-accesses the dedicated reg- 
ister group for communication with the power supply 
controller (PSC) 46, which is arranged in the status LCD 
control gate array (SLCDC GA) 26, through the system 
bus (ISA-BUS) 11, and the power supply controller 
(PSC) 46 read/write-accesses the register group 
through the power supply interface bus (PSC-BUS) 14. 
Therefore, communication between the CPU 21 and the 
power supply controller (PSC) 46 can also be efficiently 
performed. 

[0214] In this embodiment, the keyboard controller 
(KBC) 30 has two types of ports to communicate with 
the CPU 21 . One type of port is a portforcommunicating 
with the CPU 21 through the system bus (ISA-BUS) 11, 
and the other type of port is a port for communicating 
with the CPU 21 through the keyboard interface bus 
(KBC-BUS) 13 and the status LCD control gate array 
(SLCDC GA) 26. In this case, the port for communicat- 
ing with the CPU 21 through the system bus (SYS- 
TEM-BUS) 11 is used to exchange existing commands 
associated with keyboard control or the like required in 
execution of an application program or the like so as to 
maintain compatibility with a conventional system. This 
port is also used to transmit normal key data to the ap- 
plication program orthe like. On the other hand, the port 
for communicating with the CPU 21 through the key- 
board interface bus (KBC-BUS) 1 3 and the status LCD 
control gate array (SLCDC GA) 26 is used to exchange 
commands associated with execution of expansion 
functions, i.e., the hot key processing and the security 
function, provided to this computer, and to transmit hot 
key data. 

[0215] In this manner, the keyboard controller (KBC) 
30 is arranged to exchange the existing command used 
in the application program or the like and other com- 
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mands added for function expansion through different 
command path routes. For this reason, execution of a 
special function is requested while a command from the 
application program is set in the I/O registerfor commu- 
nication with the system bus, which is arranged in the 
keyboard controller (KBC) 30, the command for execut- 
ing the requested special function can be exchanged 
without temporarily saving the contents of this I/O reg- 
ister. The expansion function can be efficiently per- 
formed without adversely affecting execution of the ap- 
plication program while maintaining compatibility with a 
conventional system. 

[0216] Communication from the keyboard controller 
(KBC) 30 to the power supply controller (PSC) 46 is per- 
formed to cause the power supply controller (PSC) 46 
to perform hot key processing. In this case, the CPU 21 
does not involve in this communication. That is, the hot 
key processing function is performed by the power sup- 
ply controller (PSC) 46 by reading the key data in the 
Fn status register in the status LCD control gate array 
(SLCDC GA) 26 through the power supply interface bus 
(PSC-BUS) 14. 

[021 7] In this embodiment, transmission of the control 
information to the CPU 21 is performed using the SMI 
signal. However, when a CPU having no interrupt signal 
such as an SMI signal, an NMI signal is used in place 
of the SMI signal. 

[0218] Fig. 21 is a block diagram showing the ar- 
rangement of the third embodiment according to the 
present invention. The same reference numerals as in 
Fig. 1 denote the same parts in Fig. 21 . 
[0219] Referring to Fig. 21 , reference numeral 21 de- 
notes a CPU (main CPU) for controlling the overall sys- 
tem. In this case, the CPU 21 is exemplified by a CPU 
having the above-mentioned SM I interrupt request input 
terminal. A power supply controller (PSC) 46 interrupts 
data transmission by the SMI interrupt signal. When the 
SMI interrupt signal is generated in this embodiment, the 
CPU 21 checks an interrupt generation source in ac- 
cordance with states of a plurality of predetermined in- 
terrupt registers in dedicated registers arranged in a 
gate array (GA) 26. The CPU 21 then performs power 
save mode control processing shown in Fig. 26. 
[0220] Reference numerals 65 and 25 are system 
memories accessed under the control of the CPU 21 . 
More specifically, the system memory 65 is a RAM used 
as a program storage area, a work area, and the like of 
programs as execution objects. The system memory 25 
is a BIOS-ROM storing a system BIOS. 
[0221] The gate array (GA) 26 is arranged between 
the CPU 21 , and a keyboard controller (KBC) 30 (to be 
described later) and the power supply controller (PSC) 
46. The gate array (GA) 26 has input/output ports (in- 
terface logic) to which buses of the above components 
are connected. The gate array (GA) 26 is connected to 
the CPU 21 through a system bus (SYSTEM-BUS) 11 , 
to the power supply controller (PSC) 46 through a PSC 
bus (PSC-BUS), and to the keyboard controller (KBC) 



30 through a KBC bus (KBC-BUS) 13. A register group 
constituted by a plurality of registers addressed to be 
read/write-accessible through the input/output ports 
connected to the above buses is arranged in the gate 

5 array (GA) 26. Some of the registers are used as regis- 
ters (power supply command status register (an ad- 
dress 3Fh in Fig. 23; see Fig. 24F) for issuing an SMI 
interrupt, a register (addresses 31 h, 32h, 34h, 35h 
through 37h, 38h, and 39h in Fig. 23; see Figs. 24B 

10 through 24E; see Figs. 24G and 24H) fortransmitting or 
receiving data (command/parameter), and the like. An 
output from the specific bit (bit 7) of the power supply 
command status register (3Fh) is connected to the SMI 
interrupt request input terminal of the CPU 21 . 

15 [0222] The keyboard controller (KBC) 30 controls key 
inputs at a keyboard (KB) 51 and has a dedicated proc- 
essor and connection ports for the system bus 11 and 
the KBC bus 13. When a specific key ([Fn] key) on the 
keyboard (KB) 51 and any other key are simultaneously 
depressed, the keyboard controller (KBC) 30 sets the 
scan code of the depressed key together with the spe- 
cific key ([Fn] key) in a predetermined register (hot key 
register (= address 8Eh)) of the gate array (GA) 26 and 
allows the CPU 21 and the power supply controller 
(PSC) 46 to recognize (read) this scan code as hot key 
data. 

[0223] The keyboard (KB) 51 is subjected to key scan 
under the control of the keyboard controller (KBC) 30. 
The keyboard 51 has the [Fn] key for a hot key input. 
The hot key input using the [Fn] key is validated in com- 
bination with any other key. By this hot key input, the 
keyboard controller (KBC) 30 generates an SMI inter- 
rupt through a predetermined register (Fn status regis- 
ter) of the register group in the gate array (GA) 26 to 
inform the CPU 21 of the hot key input. 
[0224] The power supply controller (PSC) 46 is con- 
nected to the gate array (GA) 26 through the PSC bus 
1 4 to realize intelligent power supply. The power supply 
controller (PSC) 46 comprises an 8-bit power supply 
CPU 71 as a major component, a ROM 72, a RAM 73, 
an A/D port 74, an input port (IP) 75, an input/output port 
(IOP) 76, and an output port (OP) 77. 
[0225] The power supply CPU 71 arranged in the 
power supply controller (PSC) 46 executes data trans- 
mission processing using the SMI signal for power save 
control in accordance with the presence/absence of an 
AC adapter (AC-ADP) 78 shown in Fig. 25. This data 
transmission processing is part of the processing func- 
tion in accordance with microprograms stored in the 
ROM 72. The A/D port 74 samples and digitizes voltag- 
es from the AC adapter (AC-ADP) 78 and a battery 
(BATT) and a consumed current (i) of the battery (BATT) 
79. The digital voltage values and the digital current val- 
ue are fetched by the power supply control CPU 71 . The 
input port 75 inputs and latches operation signals of a 
power switch (PS) 80 and a reset switch (RS) 81 and 
transfers them to the power supply control CPU 71 . The 
input/output port 76 transfers data (command/parame- 
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ter) with the gate array (GA) 26 through the PSC bus 
14. The output port 77 outputs an ON/OFF signal to a 
power supply switch Sa, a charge switch Sb. and the 
like and outputs a brightness control signal (BCS) and 
a contrast control signal (CCS) to a flat panel display 
(DISP) 49 mounted in the system main body (portable 
computer main body). 

[0226] The AC adapter (AC-ADP) 78 generates a sys- 
tem operation secondary power supply voltage using an 
external commercial power supply voltage as a primary 
power supply voltage. The AC adapter (AC-ADP) 78 is 
plugged into the system main body to apply the system 
operation power supply voltage to the system main 
body. 

[0227] In this embodiment, the power supply control- 
ler (PSC) 46 determines the connected/disconnected 
state of the AC adapter (AC-ADP) 78. During the oper- 
ation of the system, when the state of the AC adapter 
(AC-ADP) 78 is changed from the disconnected state to 
the connected state, AC adapter connection information 
(AC adapter connection command (A1 h)) is set in the 
power supply command register (38h) in the gate array 
(GA) 26. However, when the state of the AC adapter 
(AC-ADP) 78 is changed from the connected state to 
the disconnected state, AC adapter disconnection infor- 
mation (AC adapter disconnection command (A2h)) is 
set in the power supply command register (38h) in the 
gate array (GA) 26. 

[0228] The rechargeable battery (BATT) 79 serves as 
the system battery drive power supply. When the AC 
adapter (AC-ADP) 78 is not connected to the main body, 
the battery 79 supplies an operating power supply volt- 
age to each component in the system. 
[0229] An amplifier (A) 82 obtains the consumed cur- 
rent of the battery (BATT) 79 as an analog value on the 
basis of a potential difference across a resistor R1 . This 
consumed current (i) is input to the A/D port 74 of the 
power supply controller (PSC) 46 together with the out- 
put voltages (v) from the AC adapter (AC-ADP) 78 and 
the battery (BATT) 79. 

[0230] A DC/DC converter 83 generates an operating 
power supply voltage for each component constituting 
the system. The DC/DC converter 83 generates a power 
supply voltage required for each component of the sys- 
tem in accordance with an output power supply voltage 
from the AC adapter (AC-ADP) 78 or the battery (BATT) 
79. 

[0231] Theflat panel display (DISP) 49 is permanently 
or detachably mounted in the system main body. The 
flat panel display 49 receives the brightness control sig- 
nal (BCS) and the contrast control signal (CCS) which 
correspond to the operation command of the hot key 
from the output port 77 of the power supply controller 
(PSC) 46. 

[0232] The switches 80 and 81 are operated by an op- 
erator. The switch 80 serves as the power switch (PS) 
for designating an ON/OFF operation of the system 
power supply. The switch 81 serves as the reset switch 



(RS) for resetting the system. Operation signals from the 
switches 80 and 81 are input to the input port 75 of the 
power supply controller (PSC) 46. Note that the opera- 
tion signal from the reset switch (RS) 81 is supplied to 

5 the CPU 21 through a gate in the gate array (GA) 26, 
and a circuit required for this is not illustrated here. 
[0233] The power supply switch Sa is controlled by 
the power supply controller (PSC) 46. The power supply 
switch Sa is ON/OFF-controlled in accordance with the 

10 ON/OFF operation of the power switch (PS) 80 and is 
forcibly turned off in a system failure or the like. 
[0234] The charge switch Sb is ON/OFF-controlled by 
the power supply controller (PSC) 46 in the charge 
mode of the battery (BATT) 79. When the charge switch 

'5 Sb is ON, an output power supply voltage from the AC 
adapter (AC-ADP) 78 is supplied to the battery (BATT) 
79 through a reverse flow preventive diode D1 and the 
resistor R1 . 

[0235] The reverse flow preventive diode D1 is ar- 
20 ranged in an output current path of the AC adapter 
(AC-ADP) 78. A reverse flow preventive diode D2 is ar- 
ranged in an output current path of the battery (BATT) 
79. 

[0236] Figs. 22 through 24H are views for explaining 
25 addresses, names, and bit arrangements of the regis- 
ters in dedicated registers 201 (Fig. 4) arranged in the 
gate array (GA) 26. Fig. 22 shows the contents of the 
dedicated registers 201 , Fig. 23 is a table showing the 
registers used in data exchange between the power 
30 supply controller (PSC) 46 and the CPU 21 and the ad- 
dresses of these registers, and Figs. 24A through 24H 
are formats showing the data structures of the registers 
shown in Fig. 23. 

[0237] The contents of the registers will be described 
35 with reference to Figs. 24A through 24H. 

(a). System Command Status Register (30h) 
(B7 = CPU -> PSC, B0 = CPU <- PSC) 

COMRP (bit B7) of this register (30h) is set (= 
40 "1 ") by the CPU 21 when the CPU 21 sends a com- 
mand to the power supply controller (PSC) 46. 

The power supply controller (PSC) 46 performs 
polling to read the contents of this register (30h) 
therein. If this bit (B7) is set at "1 ", the command is 
45 executed. If the power supply controller (PSC) 46 
is set in a state capable of receiving a command 
from the CPU 21 , the power supply controller (PSC) 
46 clears (= "0") this bit. 

ACK (B0) is set by the power supply controller 
so (PSC) 46 to inform the power supply controller 
(PSC) 46 of execution of the command. 

The CPU 21 confirms using this ACK (B0 = "0") 
that the command has been executed. The CPU 21 
then clears this bit (B0) 
55 (b). System Command Register (31 h) 
(CPU -> PSC) 
A transmission command is set in this register 
(31 h) by the CPU 21 when the CPU 21 sends the 
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transmission command to the power supply control- 
ler (PSC) 46. 

(c) . System Command Parameter Register (32h) 

(CPU -> PSC) 
When a parameter is added to a command 
which is to be transmitted from the CPU 21 to the 
power supply controller (PSC) 46, the CPU 21 sets 
this parameter in this register (32h). 

(d) . Response Command Register (34h) 

(CPU <- PSC) 
When the power supply controller (PSC) 46 
sends back a response command in response to a 
command from the CPU 21 , the power supply con- 
troller (PSC) 46 sets the response command in this 
register (34h). 

(e) . Response Command Parameter Register (35h 
-37h) 

(CPU <- PSC) 
When a parameter is to be added to a response 
command, the power supply controller (PSC) 46 
sets this parameter added to the response com- 
mand in this register (35h - 36h). 

(f) . Power Supply Command Status Register (3Fh) 

(CPU <- PSC) 

When a command is to be sent from the power 
supply controller (PSC) 46 to the CPU 21 , the power 
supply controller (PSC) 46 sets (= "1") SMIRQ bit 
(B7) in this register (3Fh). 

When this bit (B7) is set at "1 ", an SMI (or NMI) 
interrupt is issued to the CPU 21 . 

When the CPU 21 receives the command from 
the power supply controller (PSC) 46, the CPU 21 
clears this bit (B7). 

(g) . Power Supply Command Register (38h) 

(CPU <r- PSC) 

When the power supply controller (PSC) 46 is 
to send a command to the CPU 21 , the power sup- 
ply controller (PSC) 46 sets this command in this 
register (38h). 

(h) . Power Supply Control CPU Command Register 
(39h) 

(CPU <- PSC) 
A command to be supplied to the CUP 21 of the 
system from the power supply control CPU 71 is set 
in this register (39h). 

(i) . Power Supply Control CPU Command Parame- 
ter Register (3Ah) 

When a parameter is added to the power supply 
control CPU command register (39h), the parame- 
ter is set in this register. 

[0238] Figs. 25 and 26 are flow charts for explaining 
the processing sequences so as to explain the opera- 
tions of this embodiment. Fig. 25 shows the processing 
flow executed by the power supply controller (PSC) 46, 
and Fig. 26 shows the processing flow executed by the 
CPU 21 . As an example of processing of this embodi- 
ment, processing for controlling (invalidating/validating) 



the power save mode in accordance with a change in 
plug-in connection (connection -> disconnection/dis- 
connection -> connection) of the AC adapter (AC-ADP) 
78 will be described. 
5 [0239] The operations of this embodiment of the 
present invention will be described with reference to 
Figs. 25 and 26. Note that processing for controlling (in- 
validating/validating) the power save mode in accord- 
ance with a change in plug-in connection (connection —> 
10 disconnection/disconnection -» connection) of the AC 
adapter (AC-ADP) 78 will be described. 
[0240] In state monitoring processing according to 
power supply control programs stored in the ROM 72, 
the power supply control CPU 71 of the power supply 
'5 controller (PSC) 46 performs polling and scanning of the 
A/D port 74, the input port 75, and the input/output port 
76 every predetermined period to determine the con- 
necting state (connection/disconnection) of the AC 
adapter (AC-ADP) 78 in accordance with information 
20 from the A/D port 74 within this processing. The power 
supply control CPU 71 then performs processing shown 
in Fig. 25. More specifically, the power supply control 
CPU 71 checks the connection state (connection/dis- 
connection) of the AC adapter (AC-ADP) 78 to compare 
25 with this state with the state of the previous check oper- 
ation to determine whether the AC adapter (AC-ADP) 
78 is disconnected (steps S41 through S43 in Fig. 25). 
If the AC adapter (AC-ADP) 78 is plugged in the current 
check operation and was not plugged in the previous 
30 check operation, the CPU 71 determines that the AC 
adapter (AC-ADP) 78 is plugged into the main body 
(YES in step S41 and NO in step S42 in Fig. 25), or if 
the AC adapter (AC-ADP) 78 is not plugged in the cur- 
rent check operation and was plugged in the previous 
35 check operation, the CPU 71 determines that the AC 
adapter (AC-ADP) 78 is disconnected from the main 
body (connection release) (NO in step S41 and YES in 
step S43 in Fig. 25). 

[0241] If the AC adapter (AC-ADP) 78 is determined 

40 to be plugged into the main body (i.e., YES in step S41 
and NO in step S42 in Fig. 25), the CPU 71 sets an AC 
adapter connection command (A1h) representing the 
plug-in connection of the AC adapter (AC-ADP) 78 in 
the power supply command register (38h) (Fig. 24G) 

45 (step S44 in Fig. 25). 

[0242] If the AC adapter (AC-ADP) 78 is determined 
to be disconnected from the main body (release of plug- 
in connection) (NO in step S41 and YES in step S43 in 
Fig. 25), the AC adapter disconnection command (A2h) 

so representing that the AC adapter (AC-ADP) 78 is dis- 
connected from the main body is set in the power supply 
command register (38h) (step S45 in Fig. 25). 
[0243] The SMIRQ (B7) bit is set in the power supply 
command status register (3Fh) (Fig. 24F) in the dedicat- 

55 ed registers 201 arranged in the gate array (GA) 26. 
That is, "1" is set in the SMIRQ (B7) to issue an SMI 
interrupt, and the flow returns to normal power supply 
processing (step S46 in Fig. 25). 
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[0244] The SM IRQ (= "1 ") bit in the powersupply com- 
mand status register (3Fh) is output as an SMI signal of 
low level (= "0") outside the gate array (GA) 26 through 
an SMI signal output logic (SMI-G) 205. This SMI signal 
is then supplied to the SMI interrupt request input termi- s 
nal of the CPU 21 through the SMI signal path, thereby 
SMI-interrupting the CPU 21 . 

[0245] When the CPU 21 receives the SMI signal of 
low level (= "0") at its SMI interrupt request input termi- 
nal, the CPU 21 executes SMI processing according to '0 
the SMI processing program stored in a ROM 325 and 
scans the dedicated registers 201 in the gate array (GA) 
26 to check the command status register from which an 
SMI interrupt is generated. The CPU 21 then reads the 
contents of the command register corresponding to this '5 
command status register. That is, in this case, the CPU 
21 recognizes that the SMI interrupt is issued (SMIRQ 
= "1") from the power supply command status register 
(3Fh) and fetches the contents of the powersupply com- 
mand register (38h) paired with this power supply com- 20 
mand status register. The contents of the register (38h) 
are checked (steps S51 through S53 in Fig. 26). 
[0246] In this case, the contents of the data read from 
the powersupply command register (38h) representthat 
"the AC adapter (AC-ADP) 78 is plugged into the main 25 
body". If the AC adapter connection command (A2h) is 
detected, the power save mode is released, and this in- 
terrupt processing is ended (step S54 in Fig. 26). 
[0247] Alternatively, the contents of the data read 
from the power supply command register (38h) repre- 30 
sent that the AC adapter (AC-ADP) 78 is disconnected 
from the main body". If the AC adapter disconnection 
command (A2h) is detected, the power save mode is 
validated, and this interrupt processing is ended (step 
S45 in Fig. 26). 35 
[0248] In this manner, the power supply controller 
(PSC) 46 and the CPU 21 are connected through the 
gate array (GA) 26 having the dedicated registers 201 . 
Using a predetermined register in the dedicated regis- 
ters 201 , the power supply interface arrangement be- 40 
tween the power supply controller (PSC) 46 and the 
CPU 21 can be obtained. For example, when the AC 
adapter is connected to the main body, the power save 
mode is invalidated. However, when the AC adapter is 
disconnected from the main body, the power save mode 45 
is immediately validated. In this manner, every time the 
AC adapter is disconnected from or connected to the 
system main body, a change in state is informed from 
the power supply controller (PSC) 46 to the CPU 21 on 
the system side. Since such a power supply interface so 
mechanism is realized, various system control opera- 
tions including the power save function can be finely per- 
formed without degrading the system performance, 
thereby improving the system performance. 
[0249] In the above embodiment, power save control ss 
of the powersupply interface mechanism of the present 
invention has been described. However, the power sup- 
ply interface mechanism of the present invention is not 



limited to power save control, but is readily applicable 
to other system control operations. 
[0250] In the above embodiment, the gate array (GA) 
26 having the dedicated registers 201 is interposed be- 
tween the power supply controller (PSC) 46 and the 
CPU 21 . However, registers required to data exchange 
between the power supply controller (PSC) 46 and the 
CPU 21 may be arranged in the power supply controller 
(PSC) 46 or any other functional circuit chip. 
[0251 ] The arrangement of the power supply circuit is 
not limited to the one shown in Fig. 21 , but can be re- 
placed with another arrangement. 
[0252] The fourth embodiment of the present inven- 
tion will be described below. 

[0253] In this embodiment, a hot key register (8Eh), 
the write access of which is controlled by a keyboard 
controller (KBC) 30 and the read access of which is con- 
trolled by a power supply controller (PSC) 46, is ar- 
ranged in dedicated registers 201 . The keyboard con- 
troller (KBC) 30 sets a key scan code upon a hot key 
operation in the hot key register. The powersupply con- 
troller (PSC) 46 performs polling and scanning to read 
the key scan code from the hot key register and controls 
the brightness, contrast, and the like of a flat panel dis- 
play (DISP) 49 in accordance with the contents of the 
code. 

[0254] Figs. 27 and 28 are flow charts showing 
processing sequences for explaining the operations of 
the above embodiment. Fig. 27 shows the processing 
flow executed by the keyboard controller (KBC) 30, and 
Fig. 28 shows the processing flow executed by the pow- 
er supply controller (PSC) 46. As a processing example 
of this embodiment, processing for up/down control of 
the brightness of theflat panel display (DISP) 49 accord- 
ing to the contents the hot key register (8Eh) of the pow- 
er supply controller (PSC) 46 will be described below. 
[0255] Operations of the above embodiment accord- 
ing to the present invention will be described with refer- 
ence to the accompanying drawings. Note that process- 
ing for up/down control of the brightness of the flat panel 
display (DISP) 49 according to the contents of the hot 
key register (8Eh) of the power supply controller (PSC) 
46 will be described. 

[0256] The keyboard controller (KBC) 30 monitors a 
hot key operation in a combination of the [Fn] key and 
any other key in key input processing at a keyboard (KB) 
51 . That is, it is determined in accordance with the con- 
tents of the key scan code whether any other key is de- 
pressed during the depression period of the [Fn] key, 
thereby monitoring a hot key operation (steps S61 and 
S62 in Fig. 27). 

[0257] If the keyboard controller (KBC) 30 determines 
a hot key operation, the key scan code of the dual de- 
pression key, i.e., the key depressed together with the 
[Fn] key, is set in the hot key in the dedicated registers 
201 arranged in the gate array (GA) 26. The keyboard 
controller (KBC) 30 starts any other key input process- 
ing (steps S63 and S64 in Fig. 27). 
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[0258] In this embodiment, processing for performing 
up/down control of the brightness of the flat panel dis- 
play (DISP) 49 is exemplified. When the brightness is to 
be increased, an up cursor or arrow key ("T") is operated 
together with the [Fn] key. When the brightness is to be 
decreased, a down cursor or arrow key ("I") is operated 
together with the [Fn] key. 

[0259] A power supply control CPU 71 in the power 
supply controller (PSC) 46 performs polling and scan- 
ning of an A/D port 74, an input port 75, an input/output 
port 76, and the dedicated register and the hot key reg- 
ister in the dedicated registers 201 every predetermined 
period in the state monitoring processing in accordance 
with power supply control programs stored in a ROM 72. 
The power supply control CPU 72 checks the contents 
of the hot key register (8Eh) within this processing. In 
this case, processing for performing up/down control of 
the brightness of the flat panel display (DISP) 49 is the 
processing object. The key scan codes of the up arrow 
key ("T") and the down arrow key ("I") are monitored 
(steps S71 and S72 in Fig. 28). 
[0260] In hot key determination processing, if the key 
scan code of the hot key register (8Eh) is that of the up 
arrow key ("T"), the level of the brightness control signal 
(BCS) is increased to increase the display brightness of 
the flat panel display (DISP) 49, and the flow returns to 
any other power supply control processing (steps S73 
and S75 in Fig. 28). 

[0261] If the key scan code of the hot key register 
(8Eh) is that of the down arrow key ("4"), the level of the 
brightness control signal (BCS) is decreased to de- 
crease the display brightness of the flat panel display 
(DISP) 49, and the flow returns to any other power sup- 
ply control processing (steps S74 and S75 in Fig. 28). 
[0262] As described above, the power supply control- 
ler (PSC) 46 can directly receive the output from the key- 
board controller (KBC) 30 through the hot key register 
(8Eh) without using a CPU 21 on the system side, there- 
by performing brightness control orthe like of the display 
with a hot key operation. 

[0263] In the above embodiment, when the key scan 
code of the up arrow key ("T") is detected through the 
hot key register (8 Eh), the level of the brightness control 
signal (BCS) is increased to increase the display bright- 
ness of the flat panel display (DISP) 49. If the key scan 
code of the down arrow key ("I") is detected, the level 
of the brightness control signal (BCS) is decreased to 
decrease the display brightness of the flat panel display 
(DISP) 49. However, the up/down code can be changed 
by the CPU 21. 

[0264] In this case, the CPU 21 sets a change com- 
mand for designating up/down control and a key scan 
code to be changed, respectively, in the system com- 
mand register (31 h) and the system command param- 
eter register (32h)in the dedicated registers 201. The 
CPU 21 sets "1 " in bit 7 of the system command status 
register (30h) to inform the power supply controller 
(PSC) 46 of command issuance. The power supply con- 



troller (PSC) 46 recognizes using the value ("1 ") of bit 7 
of the system command status register (30h) in the ded- 
icated registers 201 that the CPU 21 has issued the 
command. The power supply controller (PSC) 46 reads 

5 the contents of the system command register (31 h) and 
the system command parameter register (32h), de- 
codes them, and changes the key scan code for desig- 
nating up/down control in accordance with the com- 
mand from the CPU 21 . By this change in keyscancode, 

10 the power supply controller (PSC) 46 monitors the key 
scan code of the hot key register (8Eh) using the 
changed key scan code as a monitor object. When the 
changed key scan code is set in the hot key register 
(8Eh), the display brightness of the flat panel display 

'5 (DISP) 49 is changed in accordance with the resultant 
key scan code. 

[0265] As described above, the operation key for con- 
trolling the brightness of the flat panel display (DISP) 49 
can be changed from the system side. 

20 [0266] In the above embodiment, the powersupply in- 
terface mechanism of the present invention performs 
display brightness control of the display device using the 
hot key register (8Eh). However, the power supply inter- 
face mechanism of the present invention is not limited 

25 to display brightness control, but is equally applicable to 
brightness and contrast control of a display device and 
any other system control. The arrangement of the power 
supply circuit is not limited to the one shown in Fig. 1 , 
but may be any other arrangement. 

30 [0267] The fifth embodiment of the present invention 
will be described below. 

[0268] According to this embodiment, when a power 
supply controller (PSC) 46 detects from the contents of 
a command register arranged in a gate array (GA) 26 

35 that the freeze mode is being set, a power switch 80 and 
a reset switch 81 which are monitor control objects are 
excluded to invalidate the operations thereof. Therefore, 
data storage processing in the freeze mode is properly 
executed with high reliability. 

40 [0269] Fig. 29 is a flow chart showing a processing 
sequence for explaining the operation of the above em- 
bodiment. This flow is executed when the power supply 
controller (PSC) 46 receives, through the dedicated reg- 
isters 201 , a command for invalidating the inputs from 

45 the operation switches from the CPU 21 . 

[0270] More specifically, when the power supply con- 
troller (PSC) 46 receives a request signal (REQUEST) 
in accordance with a signal COMRQ (= "1") of bit B7 of 
the system command status register (30h in Fig. 23; Fig. 

so 24A), the power supply controller (PSC) 46 recognizes 
that a command is sent from the CPU 21 . The power 
supply controller (PSC) 46 reads the contents of the sys- 
tem command register (31 h) to determine whether the 
contents represent a freeze mode "in-execution" com- 

55 mand for invalidating the input operations of the opera- 
tion switches (step S81 in Fig. 29). 
[0271 ] If it is determined that the freeze mode is being 
set, the power switch (PS) 80 and the reset switch (RS) 
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81 are excluded from monitor control objects to invali- 
date the operations thereof. The flow continues power 
control processing including another monitor process- 
ing (step S8B in Fig. 29). 

[0272] This monitor processing for excluding the pow- 
er switch (PS) 80 and the reset switch (RS) 81 from the 
monitor control objects to invalidate the operations 
thereof continues until a command representing an end 
of the freeze mode is set in the system command reg- 
ister (31 h) and the power supply controller (PSC) 46 de- 
codes this command. 

[0273] If the freeze mode is not set, it is determined 
whether the power switch (PS) 80 is depressed (step 
S82 in Fig. 29). If YES in step S82, and if the current 
state is a power-ON state, power-OFF processing is ex- 
ecuted (steps S83 and S86 in Fig. 29). If the current 
state is the power-OFF state, power-ON processing is 
executed (steps S83 and S84 in Fig. 29). 
[0274] In the power-ON state, it is determined wheth- 
er the reset switch (RS) 81 is depressed (step S85 in 
Fig. 29). If YES in step S85, system resetting is informed 
to the CPU 21 in reset processing (step S87 in Fig. 29), 
and power supply control processing including other 
monitor processing operations is continued (step S88 in 
Fig. 29). 

[0275] In this manner, during execution of the freeze 
mode, the power switch (PS) 80 and the reset switch 
(RS) 81 which are the monitor control objects are ex- 
cluded from the monitor control objects, and their oper- 
ations are invalidated. During execution of the freeze 
mode, even if the power switch (PS) 81 and the reset 
switch (RS) 81 are operated, data storage processing 
in the freeze mode can be properly performed without 
breaking the data at high reliability. 
[0276] In the above embodiment, the gate array (GA) 
26 having the dedicated registers 201 is interposed be- 
tween the power supply controller (PSC) 46 and the 
CPU 21 . However, registers required to data exchange 
between the power supply controller (PSC) 46 and the 
CPU 21 may be arranged in the power supply controller 
(PSC) 46 or any other functional circuit chip. The ar- 
rangement of the power supply circuit is not limited to 
the one shown in Fig. 21 , but can be replaced with an- 
other arrangement. 

[0277] In the above embodiment, the power switch 
(PS) 80 and the reset switch (RS) 81 are exemplified as 
monitor control objects for invalidating the operation in- 
puts. However, the present invention is also applicable 
to any one of them, or any other operation equipment. 
[0278] The sixth embodiment of the present invention 
will be described below. 

[0279] In this embodiment, a remaining battery level 
is accurately calculated in accordance with the degree 
of degradation of battery performance. A remaining bat- 
tery use time and a time required to fully charge the bat- 
tery are directly displayed during discharging and charg- 
ing, respectively, using not only percentage but also nu- 
merical values. For this purpose, a power supply micro- 



computer 89 comprises firmware 90 and registers 91 . 
The firmware 90 has a battery monitor program 90a for 
monitoring a remaining level corresponding to the de- 
gree of performance degradation of a battery 85 and an 

5 l/F controller communication program 90b for transmit- 
ting the resultant remaining battery level display data. 
The registers 91 include a Vb register 91a for holding 
the sampled voltage value of the battery 85, an lb reg- 
ister 91b for holding the sampled current value of the 

10 battery 85, a encounter 91 d for mounting the remaining 
battery level, and a Cf register 91c for holding the count 
value of the Cn counter 91 d in the fully charged state. 
[0280] Fig. 30 shows the circuit arrangement of this 
embodiment. The battery 85 serves as an operation 

'5 power supply. The power supply microcomputer 89 
comprising a one-chip microcomputer is mounted on a 
power supply board 86. A system board 87 has main 
circuits of the system. A display section 88 comprises, 
e.g., a liquid crystal display panel. 

20 [0281 ] The power supply voltage from the battery 85 
is temporarily applied to the power supply board 86 and 
then the system board 87. During this period, the power 
supply microcomputer 89 on the power supply board 86 
samples a battery voltage value and a battery current 

25 value, and monitor control is performed on the basis of 
the sampling values. 

[0282] The power supply microcomputer 89 is in- 
stalled with the battery monitor program 90a and the I/ 
O controller communication program 90b, both of which 
30 serve as the firmware 90. At the same time, the registers 
91 comprising the Vb register 91a, the lb register 91b, 
the Cf register 91 c, and the Cn counter 91 d are arranged 
to execute these programs. 

[0283] More specifically, the power supply microcom- 
35 puter 89 is connected to an interface (l/F) controller 92 
in the system board 87 through a data/address bus (D/ 
A) bus. The power supply microcomputer 89 sends a 
data/address signal (D/A signal) and a read/write (R/W) 
signal to the interface controller 92, thereby performing 
40 display control of the remaining battery level. 

[0284] The interface controller 92 is connected to a 
system BIOS (ROM) 93 on the system board 87 through 
an address bus (A bus) and a data bus (D bus). The 
interface controller 92 reads the display data of the re- 
45 maining battery level from the power supply microcom- 
puter 89 in accordance with the read/write signal (R/W 
signal) from the system BIOS 93 and causes the display 
section 88 to display the display data through the data 
bus (D bus). 

so [0285] With the above arrangement, the power supply 
microcomputer 89 performs the operation control shown 
in Fig. 31 on the basis of mainly the battery monitor pro- 
gram 90a. 

[0286] According to the battery monitor program 90a, 
55 the power supply microcomputer 89 samples voltage 
and current values of the battery 85 connected to the 
power supply board 86 every predetermined period, e. 
g., every 100 [ms] and independently A/D-converts the 
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sampling values into 8-bit data (step S91). The power 
supply microcomputer 89 stores the resultant battery 
voltage value "Vb" and the resultant battery current val- 
ue "lb" in the Vb and lb registers 91a and 91b of the 
registers 91, respectively. At this time, the power supply s 
processor 89 determines on the basis of the sign of the 
battery current value "lb" that the battery 85 is dis- 
charged or charged during the operation of the system. 
[0287] The power supply microcomputer 89 then de- 
termines on the basis of the battery voltage value "Vb" '0 
held in the Vb register 91 a whether the battery 85 is set 
in a fully charged state (step S92) or in a low battery 
state (step S93). 

[0288] The fully charged state is determined when a 
value stored in the Cf register 91c in the previous fully '5 
charged state is equal to the count value of the Cn coun- 
ter 91 d. The low battery state is determined when the 
count value of the Cn counter 91 d becomes, e.g., 5% of 
the value held in the Cf register 91 c and the battery level 
is detected as 5%. When the fully charged state or the 20 
low battery state is detected, setting processing of the 
Cf register 91 c and the Cn counter 91 d is performed in 
correspondence with the detected state (step S94). 
[0289] More specifically, when the fully charged state 
is detected, the present count value of the Cn counter 25 
91 d is directly transferred to the Cf register 91c and set 
therein. When the low battery state is detected, a differ- 
ence obtained by subtracting the count value of the Cn 
counter 91 d from the value held in the Cf register 91 c is 
set in the Cf register 91c. At the same time, the count 30 
value of the Cn counter 91 d is reset to "0". 
[0290] If the low battery state is not detected in step 
S93 or after setting processing of the Cf register 91c and 
the Cn counter 91 d is performed in step S94, the power 
supply microcomputer 89 calculates a first average val- 35 
ue "Vbs" of ten battery voltage values "Vb" stored within 
last one second in the Vb register 9 1 a and a first average 
value "lbs" of ten battery current values "lb" stored within 
last one second in the lb register 91b. In addition, the 
powersupply microcomputer 89 calculates a second av- 40 
erage value "Vbss" of fifteen first average battery volt- 
age values "Vbs" stored within last fifteen seconds in 
the Vb register 91 a and a second average value "Ibss" 
of fifteen first average battery current values "lbs" stored 
within last fifteen seconds in the lb register 91b (step 45 
S95). 

[0291] The power supply microcomputer 89 then cal- 
culates a count value of the Cn counter 91 d for counting 
the remaining battery level and sets the calculated count 
(step S96). so 
[0292] More specifically, if the battery 11 is set in the 
discharged state, the average battery value "lbs" is sub- 
tracted from a count value "C^" of the Cn counter 91 d 
which is immediately preceding count (one second be- 
fore the present count): 55 



(Cn.!) - lbs (1) 

The resultant difference is set in the Cn counter 91 d. 
[0293] If the battery 85 is set in a charged state, the 
following operation is performed using the count value 
"C n _i" of the Cn counter 91 d, the first average battery 
current value "lbs", and a charging efficiency "Ef" of the 
battery 85 as follows: 

(C n . 1 ) + Ef X lbs (2) 

The resultant value is set in the Cn counter 91 d. 
[0294] The count value of the Cn counter 91 d is con- 
trolled to fall within the range defined such that the max- 
imum count value of the Cn counter 91 d is the value 
held in theCf register 91c, and the minimum count value 
of the Cn counter is "0". The charging efficiency "Ef" is 
preset so that a change in count value of the Cn counter 
91 d in the charged state is set equal to that in the dis- 
charged state. 

[0295] The following operation is performed using the 
present count value "Cn" of the Cn counter 91 d and the 
value "Cf" held in the Cf register 91c: 

(Cn/Cf) X 100 (3) 

The resultant value is obtained as display data of the 
remaining battery level in percentage (step S97). 
[0296] The following operation is performed using the 
second average battery current value "Ibss", the second 
average battery voltage value "Vbss", and a nominal 
battery voltage value "Vtyp": 

Ibss X (Vbss/Vtyp) (4) 

The resultant value is obtained as an average battery 
discharge current value "Ityp". This average battery dis- 
charge current value "Ityp" is calculated only when the 
system is powered by the battery. Otherwise, the latest 
calculation value in the battery power-ON state is 
stored. 

[0297] The power supply microcomputer 89 performs 
a division using the average battery discharge current 
value "Ityp" and the count value "Cn" of the counter 91 d 
as follows: 



Cn/ltyp (5) 

The resultant quotient is obtained as the time display 
data of the remaining battery level in units of seconds. 
[0298] After the percentage display data and the time 
display data of the remaining battery level are obtained, 
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the power supply microcomputer 89 performs commu- 
nication with the interface controller 92 on the system 
board 87 in accordance with the l/F controller commu- 
nication program 90b. One of the above data is dis- 
played on the display section 88 (step S99). 
[0299] According to the l/F controller communication 
program 90b, one of the display data is selected in ac- 
cordance with a switching command supplied from the 
system BIOS 93 on the system board 87 through the 
interface controller 92, and the selected display data is 
transmitted to the interface controller 92 of the system 
board 87 every predetermined interval. The display sec- 
tion 88 displays the remaining battery level in percent- 
age or time in accordance with the input display data. 
[0300] In this case, the time display data is displayed 
as, e.g., "1 : 23 (one hour and twenty-three minutes)", 
or the percentage display data is displayed as, e.g., 
"45%". 

[0301] If a calculation using the value "Cf" held in the 
Cf register 91c and the charging efficiency "Ef" of the 
battery 85 is performed in place of calculation (5) as fol- 
lows: 

(Cf - Cn)/(Ef X Ityp) (6) 

a time required to fully charge the battery 85 in the 
charged state can be obtained in units of seconds. 
[0302] The seventh embodiment of the present inven- 
tion will be described below. In this embodiment, a state 
display status LCD 44 is arranged as a sub-display in 
addition to an LCD panel 49 used as a main display. 
Various operating states are displayed by the ON/OFF 
states of icons on the status LCD 44. For this reason, 
the user can check the current operation mode with 
icons while executing an application program. Switching 
between various operation modes is designated with hot 
keys. Hot key data is transmitted to a CPU 21 by means 
of a non-maskable interrupt such as an SMI interrupt. 
For this reason, the operation mode can be switched 
with a hot key even during execution of an application 
program. 

[0303] A description will be made with reference to 
Figs. 1 through 1 8 and Figs. 32 through 48. 
[0304] First of all, the functions provided by hot keys 
will be described in detail with reference to Fig. 32. 
[0305] Each hot key is designated by dual or simulta- 
neous depression of an [Fn] key and any other key. As 
shown in Fig. 32. the following function are supported 
by combinations of the [Fn] key and other keys. 

•[Fn] + [F1 ]: instant security 

•[Fn] + [F2]: switching of power save mode 

•[Fn] + [F3]: switching of resume/boot mode 

•[Fn] + [F4]: switching of speaker volume 

•[Fn] + [F5]: switching of LCD/CRT display 

•[Fn] + [F6]: switching of monochrome inverted dis- 
play of LCD panel 



•[Fn] + [F7]: undefined 

•[Fn] + [F8]: undefined 

•[Fn] + [F9]: undefined 

•[Fn] + [F10]: overlay of keyboard (Arrow mode) 

•[Fn] + [F1 1]: overlay of keyboard (Numeric mode) 

•[Fn] + [F12]: scroll lock of keyboard 

•[Fn] + [-»]: contrast up of LCD panel 

•[Fn] + [-»]: contrast down of LCD panel 

•[Fn] + [T]: up back light brightness of LCD panel 

•[Fn] + down back light brightness of LCD pan- 



[0306] Data transmitted from a keyboard controller 
(KBC) 30 to the CPU 21 is the scan code of a specific 
key simultaneously depressed with the [Fn] key. For this 
reason, intheSMI processing routine started bytheSMI 
interrupt, the CPU 21 reads the scan code and executes 
processing designated by the read scan code. When the 
SMI signal is supplied to the CPU 21 , the SMI process- 
ing routine is immediately started because the SMI 
processing routine is a program residing in the main 
memory. At this time, an application program under ex- 
ecution is not adversely affected by the SMI processing 
routine. 

[0307] Fig. 33 shows the flow chart of the SMI 
processing routine executed by the CPU 21 . 
[0308] The SMI processing routine is started when the 
SMI signal is supplied to the CPU 21 . At this time, the 
CPU 21 read-accesses an Fn status register 101 in a 
status LCD control gate array (SLCDC GA) 26 through 
a system bus (ISA-BUS) 1 1 (step S49). The CPU 21 de- 
tects whether the hot key data is set to determine wheth- 
er the SMI signal depends on a hot key or any other 
factor (step S50). If the data read from the Fn status 
register 101 coincides with any one of the scan codes 
of the [F1] through [F12] keys and the [->], [<-], [t], and 
[i] keys, the CPU 21 determines a hot key SMI. How- 
ever, if NO in step S50, the CPU 21 determines that an 
SMI signal is generated due to any other factor. In this 
case, the CPU 21 sequentially read-accesses the reg- 
isters in the status LCD control gate array (SLCDC GA) 
26 in accordance with the predetermined priority order 
to check the SMI factor and performs the corresponding 
processing. 

[0309] If the hot key SMI is detected, the CPU 21 per- 
forms the following processing in accordance with the 
contents of the scan code. 

[0310] That is, when the CPU 21 detects that the read 
scan code corresponds to the [F1] key, the CPU 21 per- 
forms processing (F1 routine) for realizing the instant 
security function. Similarly, if the read scan code corre- 
sponds to the [F2] key, the CPU 21 performs processing 
(F2 routine) for realizing the power save mode switching 
function. If the read scan code corresponds to the [F3] 
key, the CPU 21 performs processing (F3 routine) for 
realizing the resume/boot mode switching function. If 
the read key code corresponds to the [F5] key, the CPU 
21 performs processing (F5 routine) for realizing the 
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LCD/CRT display switching function. If the read key 
code corresponds to the [F6] key, the CPU 21 performs 
processing (F6 routine) for realizing switching of the 
monochrome inverted display of the LCD panel. 
[0311] If the read scan key corresponds to any one of 
the [F4], [F7] through [F12], [->], [<-], ft]-, and [I] keys, 
the CPU 21 does not perform any operation and returns 
fromtheSMI processing routineto themain routinedue 
to the following reasons. The functions of the [F7] 
through [F9] are undefined, the functions designated by 
the [F1 0] to [F1 2] are executed by the keyboard control- 
ler (KBC) 30, and the functions designated by the [F4], 
[->L ft], anQl ft] keys are executed by a powersup- 
ply controller (PSC) 46. 

[0312] First of all, the hot key functions executed by 
the keyboard controller (KBC) 30 will be described be- 
low. 

[0313] The functions executed by the keyboard con- 
troller (KBC) 30 are the overlay (Arrow mode) function 
designated by [Fn] + [F1 0], the overlay (Numeric mode) 
function designated by the [Fn] + [F11] keys, and the 
scroll lock function designated by the [Fn] + [F12] keys. 
[0314] The Arrow mode is a mode using some keys 
on a keyboard 51 as arrow keys (cursor keys). Every 
time the [Fn] and [F10] keys are simultaneously de- 
pressed, the modes are toggled in an order of "Arrow 
mode" — > "normal key mode" The default in the 
power-ON operation is the "normal key mode". When 
the [Fn] and [F1 0] are simultaneously depressed in this 
state, the keyboard controller (KBC) 30 changes the 
mode from the "normal key mode" to the "Arrow mode" 
and updates the value of the display control register in 
the status LCD control gate array (SLCDC GA) 26. The 
keyboard controller (KBC) 30 then turns off the letter 
icon and turns on the cursor icon in the status LCD 44. 
When the [Fn] and [F10] keys are simultaneously de- 
pressed again, the keyboard controller (KBC) 30 chang- 
es the current mode from the "Arrow mode" to the "nor- 
mal key mode" and updates the values of the display 
control register in the status LCD control gate array 
(SLCDC GA) 26. The keyboard controller (KBC) 30 then 
turns on the letter icon and turns off the cursor icon in 
the status LCD 44. 

[0315] The Numeric mode is a mode using some keys 
on the keyboard 51 as numeric keys (ten keys). Every 
time the [Fn] and [F11] keys are simultaneously de- 
pressed, the mode is toggled in an order of the "Numeric 
mode" -» "normal key mode" The default upon the 
power-ON operation is the "normal key mode". When 
the [Fn] and [F11] are simultaneously depressed in this 
state, the keyboard controller (KBC) 30 changes the 
mode from the "normal key mode" to the "Numeric 
mode" and updates the value of the display control reg- 
ister in the status LCD control gate array (SLCDC GA) 
26. The keyboard controller (KBC) 30 then turns off the 
letter icon and turns on the numeric key pad icon in the 
status LCD 44. When the[Fn] and [F11] keys are simul- 
taneously depressed again, the keyboard controller 



(KBC) 30 changes the current mode from the "Numeric 
mode" to the "normal key mode" and updates the values 
of the display control register in the status LCD control 
gate array (SLCDC GA) 26. The keyboard controller 

5 (KBC) 30 then turns on the letter icon and turns off the 
numeric key pad icon in the status LCD 44. 
[0316] The scroll lock mode is a mode for inhibiting 
scrolling (roll up/roll down) of the display screen under 
the control of, e.g., an application program. Every time 

10 the [Fn] and [F12] keys are simultaneously depressed, 
the mode is toggled in an order of the "scroll lock ON" 
-> "scroll lock OFF" The default upon the pow- 
er-ON operation is the "scroll lock OFF". When the [Fn] 
and [F12] are simultaneously depressed in this state, 

'5 the keyboard controller (KBC) 30 changes the mode 
from the "scroll lock OFF" to the "scroll lock ON" and 
updates the value of the display control register in the 
status LCD control gate array (SLCDC GA) 26. The key- 
board controller (KBC) 30 then turns on the scroll icon 

20 in the status LCD 44. When the [Fn] and [F1 2] keys are 
simultaneously depressed again, the keyboard control- 
ler (KBC) 30 changes the current mode from the "scroll 
lock ON" to the "scroll lock OFF" and updates the values 
of the display control register in the status LCD control 

25 gate array (SLCDC GA) 26. The keyboard controller 
(KBC) 30 then turns off the scroll icon in the status LCD 
44. 

[0317] The hot key functions executed by the power 
supply controller (PSC) 46 will be described below. 

30 [0318] The functions executed by the power supply 
controller (PSC) 46 are a speaker volume switching 
function designated by the [Fn] + [F4] keys, the LCD 
panel contrast up function designated by the [Fn] + [-»] 
keys, the LCD panel contrast down function designated 

35 by the [Fn] + [<-] keys, the LCD panel back light bright- 
ness up function designated by the [Fn] + [t] keys, and 
the LCD panel back light brightness down function des- 
ignated by the [Fn] + [I] keys. 

[0319] Since the speaker volume switching function 

40 has been described with reference to Figs. 1 7 and 18, 
the contrast up/down function of the LCD panel 49 and 
the back light brightness up/down function of the LCD 
panel 49 will be described below. 
[0320] The contrast up function of the LCD panel 49 

45 is executed by a hot key operation using the [Fn] + [-»] 
keys. While the dual hot key is kept depressed, the volt- 
age value of the contrast control signal is kept increased 
to increase the contrast of the LCD panel 49. An oper- 
ation for increasing the contrast of the LCD panel 49 by 

so the power supply controller (PSC) 46 will be described 
with reference to Figs. 34 and 35. 
[0321 ] When the [Fn] and [-»] keys on the internal key- 
board 51 are simultaneously depressed, the scan code 
(make code) of the [->] key is set in the Fn status register 

55 101 in the status LCD control gate array (SLCDC GA) 
26. The power supply controller (PSC) 46 performs poll- 
ing to periodically read the contents of the Fn status reg- 
ister 101. If the read contents represent the scan code 
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(make code) of the [-»] key (step S101), a digital value 
(contrast level) corresponding to the voltage level of the 
current contrast control signal is read (step S1 02). and 
the read value (contrast level) is incremented by one 
(step S103). The incremented digital value is D/A-con- s 
verted and is supplied as a contrast control signal to the 
LCD panel 49. 

[0322] Steps S1 01 through S1 03 are repeated during 
a period in which the scan code (make code) of the [—>] 
key is kept set in the Fn status register 101 . When the '0 
[Fn] and [-^] keys on the internal keyboard 51 are re- 
leased, the break code of the [-»] key is set in the Fn 
status register 101 in the status LCD control gate array 
(SLCDC GA) 26. When the power supply controller 
(PSC) 46 reads out this break code, the power supply '5 
controller (PSC) 46 returns from the contrast up hot key 
processing to the main routine. 
[0323] The contrast down function is executed by a 
hot key operation using the [Fn] + [V] keys. While the 
dual hot key is kept depressed, the voltage value of the 20 
contrast control signal is kept decreased to decrease the 
contrast of the LCD panel 49. An operation for decreas- 
ing the contrast of the LCD panel 49 by the power supply 
controller (PSC) 46 will be described with reference to 
Figs. 36 and 37. 25 
[0324] When the [Fn] and [<-] keys on the internal 
keyboard 51 are simultaneously depressed, the scan 
code (make code) of the [<-] key is set in the Fn status 
register 101 in the status LCD control gate array 
(SLCDC GA) 26. The power supply controller (PSC) 46 30 
performs polling to periodically read the contents of the 
Fn status register 1 01 . If the read contents represent the 
scan code (make code) of the [<-] key (step S111), a 
digital value (contrast level) corresponding to the volt- 
age level of the current contrast control signal is read 35 
(step S112), and the read value (contrast level) is dec- 
remented by one (step S113). The decremented digital 
value is D/A-converted and is supplied as a contrast 
control signal to the LCD panel 49. 

[0325] Steps S1 11 through S1 13 are repeated during 40 
a period in which the scan code (make code) of the [<-] 
key is kept set in the Fn status register 101 . When the 
[Fn] and [^] keys on the internal keyboard 51 are re- 
leased, the break code of the [<-] key is set in the Fn 
status register 1 01 in the status LCD control gate array 45 
(SLCDC GA) 26. When the power supply controller 
(PSC) 46 reads out this break code, the power supply 
controller (PSC) 46 returns from the contrast down hot 
key processing to the main routine. 
[0326] As described above, in the contrast up/down so 
function, while the [Fn] and [^] keys are simultaneously 
kept depressed, the contrast is continuously increased. 
The contrast is continuously decreased while the [Fn] 
and [<-] keys are simultaneously kept depressed. For 
this reason, the user can arbitrarily adjust the contrast ss 
in accordance with the depression duration of the [Fn] 
and [^] or [Fn] and [<-] keys. 

[0327] The back light brightness up function of the 



LCD panel 49 is executed by a hot key operation using 
the [Fn] + [t] keys. While the dual hot key is kept de- 
pressed, the voltage value of the brightness control sig- 
nal is kept increased to increase the back light bright- 
ness of the LCD panel 49. An operation for increasing 
the back light brightness of the LCD panel 49 by the 
power supply controller (PSC) 46 will be described with 
reference to Figs. 38 and 39. 

[0328] When the [Fn] and [T] keys on the internal key- 
board 51 are simultaneously depressed, the scan code 
(make code) of the [T] key is set in the Fn status register 
101 in the status LCD control gate array (SLCDC GA) 
26. The power supply controller (PSC) 46 performs poll- 
ing to periodically read the contents of the Fn status reg- 
ister 101. If the read contents represent the scan code 
(make code) of the [T] key (step S121), a digital value 
(brightness level) corresponding to the voltage level of 
the current brightness control signal is read (step S1 22), 
and the read value (brightness level) is incremented by 
one (step S123). The incremented digital value is D/A- 
converted and is supplied as a brightness control signal 
to the LCD panel 49. 

[0329] Steps S121 through S1 23 are repeated during 
a period in which the scan code (make code) of the [t] 
key is kept set in the Fn status register 101 . When the 
[Fn] and [t] keys on the internal keyboard 51 are re- 
leased, the break code of the [t] key is set in the Fn 
status register 101 in the status LCD control gate array 
(SLCDC GA) 26. When the power supply controller 
(PSC) 46 reads out this break code, the power supply 
controller (PSC) 46 returns from the back light bright- 
ness up hot key processing to the main routine. 
[0330] The back light brightness down function is ex- 
ecuted by a hot key operation using the [Fn] + [I] keys. 
While the dual hot key is kept depressed, the voltage 
value of the brightness control signal is kept decreased 
to decrease the back light brightness of the LCD panel 
49. An operation for decreasing the back light brightness 
of the LCD panel 49 by the power supply controller 
(PSC) 46 will be described with reference to Figs. 40 
and 41 . 

[0331 ] When the [Fn] and [I] keys on the internal key- 
board 51 are simultaneously depressed, the scan code 
(make code) of the [i] key is set in the Fn status register 
101 in the status LCD control gate array (SLCDC GA) 
26. The power supply controller (PSC) 46 performs poll- 
ing to periodically read the contents of the Fn status reg- 
ister 101. If the read contents represent the scan code 
(make code) of the [i] key (step S131), a digital value 
(brightness level) corresponding to the voltage level of 
the current brightness control signal is read (step S1 32), 
and the read value (brightness level) is decremented by 
one (step S133). The decremented digital value is D/A- 
converted and is supplied as a brightness control signal 
to the LCD panel 49. 

[0332] Steps S1 31 through S1 33 are repeated during 
a period in which the scan code (make code) of the [I] 
key is kept set in the Fn status register 101 . When the 
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[Fn] and [i] keys on the internal keyboard 51 are re- 
leased, the break code of the [i] key is set in the Fn 
status register 101 in the status LCD control gate array 
(SLCDC GA) 26. When the power supply controller 
(PSC) 46 reads out this break code, the power supply 
controller (PSC) 46 returns from the brightness down 
hot key processing to the main routine. 
[0333] As described above, in the brightness up/down 
function, while the [Fn] and [T] keys are simultaneously 
kept depressed, the brightness is continuously in- 
creased. The brightness is continuously decreased 
while the [Fn] and [I] keys are simultaneously kept de- 
pressed. For this reason, the user can arbitrarily adjust 
the brightness in accordance with the depression dura- 
tion of the [Fn] and [T] or [Fn] and [4-] keys. 
[0334] The F1 , F2, F3, F5, and F6 routines executed 
by the [Fn] + [F1] keys will be described below. 
[0335] Fig. 42 shows the F1 routine for executing the 
instant security function designated by the [Fn] + [F1] 
keys. 

[0336] If the scan code read from the Fn status regis- 
ter 101 corresponds to the [F1] key, the CPU 21 trans- 
fers a command to a VGA controller 32 and the power 
supply controller (PSC) 46 to turn off the screen of the 
LCD panel 49 (step S1 41 ). In this case, transfer of video 
data from the VGA controller 32 to the LCD panel 49 is 
stopped, and power supply to the back light of the LCD 
panel 49 underthe control of the power supply controller 
(PSC) 46 is stopped. The command is transferred from 
the CPU 21 to the power supply controller (PSC) 46 
through the status LCD control gate array (SLCDC GA) 
26 and a power supply interface bus (PSC-BUS) 14. 
[0337] The CPU 21 then transfers the command (key 
lock instruction) to the keyboard controller (KBC) 30 to 
designate key lock (step S1 42). This command transfer 
is performed through the status LCD control gate array 
(SLCDC GA) 26 and a keyboard interface bus 
(KBC-BUS) 13. Upon reception of the key lock com- 
mand, the keyboard controller (KBC) 30 reads out a 
password from a predetermined register of a PCMCIA 
gate array (PCMCIA GA) 28. Thereafter, the password 
is collated with key data input by the user from the key- 
board 51 . Key data transmission is interrupted (key lock) 
until the password coincides with the input key data. If 
the password coincides with the input key data, the key- 
board controller (KBC) 30 informs the CPU 21 of data 
"1 " representing the password coincidence by means of 
SMI transmission. At the same time, the keyboard con- 
troller (KBC) 30 releases the key lock. 
[0338] When the CPU 21 receives an SMI signal in 
the F1 routine, the CPU 21 read-accesses a predeter- 
mined register in the status LCD control gate array 
(SLCDC GA) 26. If data "1 " is set in this predetermined 
register, the CPU 21 determines that password collation 
is successfully performed (step S143). The CPU 21 
transfers the commands to the VGA controller 32 and 
the power supply controller (PSC) 46 to turn on the 
screen of the LCD panel 49 (step S144). In this case, 



video data transfer from the VGA controller 32 to the 
LCD panel 49 is restarted, and at the same time the pow- 
er supply to the LCD panel 49 under the control of the 
power supply controller (PSC) 46 is also restarted. 

5 [0339] Note that the flow may temporarily return from 
the F1 routine to the main routine after the CPU 21 is- 
sues the key lock instruction in step S52, and that the 
flow may return to the F1 routine upon generation of the 
SMI signal, thereby starting processing from step S53. 

10 in this case, the CPU 21 executes an application pro- 
gram or the like during a period until the F1 routine is 
restarted after it is ended. However, since the display 
screen is kept OFF and the key lock is not released yet, 
processing of the application program seems to be in- 

'5 terrupted. 

[0340] Fig. 43 shows the F2 routine for realizing the 
power save mode switching function designated by the 
[Fn] and [F2] keys. 

[0341 ] If the scan code read from the Fn status regis- 

20 ter 1 01 corresponds to the [F2] key, the CPU 21 reads 
the current power save mode from the CMOS memory 
(step S151). The power save modes are toggled in an 
order of "full power" -» "economy" -> "low power" -» "us- 
er setting" (step S152). If the current mode is the 

25 economy mode, it is changed to the lower power mode. 
Thereafter, the CPU 21 changes the CPU clock, the 
CPU sleep mode, the HDD auto OFF mode, the display 
auto OFF mode, and the like in accordance with the 
newly set power save mode (step S153). At the same 

30 time, the value of the display control register in the status 
LCD control gate array (SLCDC GA) 26 is updated to 
update the display state of the tap water faucet icon in 
the status LCD 44 (step S154). 
[0342] The set states of the CPU clock, the CPU sleep 

35 mode, the HDD auto OFF mode, the display auto OFF 
mode, and the like in each power save mode are sum- 
marized in Fig. 44. By these settings, the power con- 
sumption is largest in thefull power mode and is reduced 
in an order of the economy mode and the lower power 

40 mode. In the usersetting mode, the CPU clockfrequen- 
cy, the CPU sleep mode, the display auto OFF mode, 
and the HDD auto OFF mode can be arbitrarily desig- 
nated. 

[0343] The display states of the tap water faucet icons 
45 in the respective power save modes are shown in Fig. 
45. As shown in Fig. 45, the number of water droplets 
of the tap water faucet icon is changed in accordance 
with the power consumption levels. All the water drop- 
lets are ON in the full power mode. Three water droplets 
so are ON in the economy mode. Only one water droplet 
is ON in the low power mode. The number of water drop- 
lets in the user setting mode is determined in accord- 
ance with the set conditions of the CPU clock frequency, 
the CPU sleep mode, the display auto OFF mode, and 
55 the HDD auto OFF mode. In the user setting mode, a 
hand icon shown in Fig. 45 is always ON. This hand icon 
is OFF in the modes except for the user setting mode, 
i.e., the full power mode, the economy mode, and the 
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low power mode. 

[0344] Fig. 46 shows the F3 routine for realizing the 
resume/boot mode switching function designated by the 
[Fn] + [F3] keys. 

[0345] If the scan code read from the Fn status regis- 
ter 1 01 corresponds to the [F3] key, the CPU 21 reads 
the current mode from the CMOS memory (step S1 61 ). 
This mode is toggled in an order of "resume" -> "boot" 
(step S162). If the current mode is the resume 
mode, this is changed to the boot mode. If the current 
mode is the boot mode, this is changed to the resume 
mode. Thereafter, the CPU 21 writes the change result 
in the CMOS memory (step S1 63) and at the same time 
updates the value of the display control register in the 
status LCD control gate array (SLCDC GA) 26. The ON/ 
OFF state of the book icon in the status LCD 44 is 
changed (step S1 64). In this case, if the user wants to 
change the current mode from the boot mode to the 
resume mode, the book icon is set ON. However, if the 
user wants to change the current mode from the resume 
mode to the boot mode, the book icon is set OFF. 
[0346] Fig. 47 shows the F5 routine for realizing the 
LCD/CRT display switching function designated by the 
[Fn] + [F5] keys. 

[0347] The LCD/CRT switching function allows 
switching of the display apparatus regardless of the 
presence/absence of a CRT display 50 because infor- 
mation can be displayed on the CRT display 50 even if 
the CRT display 50 is connected after the power switch 
is turned on. 

[0348] If the scan code read from the Fn status regis- 
ter 1 01 corresponds to the [F5] key, the CPU 21 reads 
the current mode from the register of the VGA controller 
32 (step S171). The current mode is toggled in an order 
of "LCD" -» "simultaneous display" -» "CRT" ... (step 

5172) . If the current mode is, for example, the display 
mode using only the LCD, the current mode is changed 
to the simultaneous display mode of the LCD and CRT. 
The CPU 21 sets the data designating the changed 
mode in the register in the VGA controller 32 (step 

51 73) . For example, in switching from "LCD" to "simul- 
taneous display", the CPU 21 controls the VGA control- 
ler 32 to set the data in the register thereof so as to also 
display information on the external display. However, in 
switching from "simultaneous display" to "CRT", the 
CPU 21 sets data in the register of the VGA controller 
32 to allow display on only the external display. At the 
same time, the CPU 21 sends a command to the status 
LCD control gate array (SLCDC GA) 26 and to the power 
supply controller (PSC) 46 through the power supply in- 
terface bus (PSC-BUS) 14, thereby powering off the 
LCD panel 49. In switching from "CRT" to "LCD", the 
CPU 21 sets data in the register of the VGA controller 
32 to allow display on only the LCD 49. At the same time, 
the CPU 21 sends a command to the status LCD control 
gate array (SLCDC GA) 26 and to the powersupply con- 
troller (PSC) 46 through the power supply interface bus 
(PSC-BUS) 14, thereby powering on the LCD panel 49. 



[0349] Fig. 48 shows the F6 routine for realizing 
switching of monochrome inverted display of the LCD 
display, which is designated by the [Fn] + [F6] keys. 
[0350] The switching of monochrome inverted display 

5 is not performed in the display mode using only the CRT 
display. For this reason, if the scan code read from the 
Fn status register 101 corresponds to the [F6] key, the 
CPU 21 reads the current display mode from the register 
of the VGA controller 32 (step S181) to determine 

10 whetherthe display mode using only the CRT display is 
set (step S1 82). If YES in step S1 82, the CPU 21 does 
not perform any operation and returns from the F6 rou- 
tine to the main routine. 

[0351] If NO in step S182, the CPU 21 read-accesses 
'5 the CMOS memory to determine whether the current 
LCD monochrome inverted display mode is a normal or 
reverse mode (step S1 83). The CPU 21 toggles the cur- 
rent mode in an order of "normal" "reverse" ... (step 

51 84) . If the current mode is the normal mode, the cur- 
20 rent mode is changed to the reverse mode. Otherwise, 

the current mode is changed to the normal mode. There- 
after, the CPU 21 sets data for designating the changed 
mode in the register of the VGA controller 32 (step 

5185) . 

25 [0352] The hot key functions executed by the key- 
board controller (KBC) 30 will be described below. 
[0353] The functions executed by the keyboard con- 
troller (KBC) 30 are the overlay (Arrow mode) function 
designated by the [Fn] + [F10] keys, the overlay (Nu- 

30 meric mode) designated by the [Fn] + [F11] keys, and 
the scroll lock function designated by the [Fn] + [F12] 
keys. 

[0354] The Arrow mode is a mode using some keys 
on the keyboard 51 as arrow keys (cursor keys). Every 

35 time the [Fn] and [F10] keys are simultaneously de- 
pressed, the modes are toggled in an order of "Arrow 
mode" -» "normal key mode" The default in the 
power-ON operation is the "normal key mode". When 
the [Fn] and [F1 0] are simultaneously depressed in this 

40 state, the keyboard controller (KBC) 30 changes the 
mode from the "normal key mode" to the "Arrow mode" 
and updates the value of the display control register in 
the status LCD control gate array (SLCDC GA) 26. The 
keyboard controller (KBC) 30 then turns off the letter 

45 icon and turns on the cursor icon in the status LCD 44. 
When the [Fn] and [F10] keys are simultaneously de- 
pressed again, the keyboard controller (KBC) 30 chang- 
es the current mode from the "Arrow mode" to the "nor- 
mal key mode" and updates the values of the display 

so control register in the status LCD control gate array 
(SLCDC GA) 26. The keyboard controller (KBC) 30 then 
turns on the letter icon and turns off the cursor icon in 
the status LCD 44. 

[0355] The Numeric mode is a mode using some keys 
55 on the keyboard 51 as numeric keys (ten keys). Every 
time the [Fn] and [F11] keys are simultaneously de- 
pressed, the mode is toggled in an order of the "Numeric 
mode" -V'normal key mode" The default upon the 
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power-ON operation is the "normal key mode". When 
the [Fn] and [F11] are simultaneously depressed in this 
state, the keyboard controller (KBC) 30 changes the 
mode from the "normal key mode" to the "Numeric 
mode" and updates the value of the display control reg- 
ister in the status LCD control gate array (SLCDC GA) 
26. The keyboard controller (KBC) 30 then turns off the 
letter icon and turns on the numeric key pad icon in the 
status LCD 44. When the [Fn] and [F1 1 ] keys are simul- 
taneously depressed again, the keyboard controller 
(KBC) 30 changes the current mode from the "Numeric 
mode" to the "normal key mode" and updates the values 
of the display control register in the status LCD control 
gate array (SLCDC GA) 26. The keyboard controller 
(KBC) 30 then turns on the letter icon and turns off the 
numeric key pad icon in the status LCD 44. 
[0356] The scroll lock mode is a mode for inhibiting 
scrolling (roll up/roll down) of the display screen under 
the control of, e.g., an application program. Every time 
the [Fn] and [F12] keys are simultaneously depressed, 
the mode is toggled in an order of the "scroll lock ON" 
-» "scroll lock OFF" The default upon the pow- 
er-ON operation is the "scroll lock OFF". When the [Fn] 
and [F12] are simultaneously depressed in this state, 
the keyboard controller (KBC) 30 changes the mode 
from the "scroll lock OFF" to the "scroll lock ON" and 
updates the value of the display control register in the 
status LCD control gate array (SLCDC GA) 26. The key- 
board controller (KBC) 30 then turns on the scroll icon 
in the status LCD 44. When the [Fn] and [F12] keys are 
simultaneously depressed again, the keyboard control- 
ler (KBC) 30 changes the current mode from the "scroll 
lock ON" to the "scroll lock OFF" and updates the values 
of the display control register in the status LCD control 
gate array (SLCDC GA) 26. The keyboard controller 
(KBC) 30 then turns off the scroll icon in the status LCD 
44. 

[0357] As described above, in the portable computer 
of this embodiment, the status LCD 44 for displaying the 
states of the portable computer is arranged as a sub- 
display in addition to the LCD panel 49 used as the main 
display. The various operating states are displayed by 
the ON/OFF states of the icons on the status LCD 44. 
In this case, the display control data on the LCD panel 
49 are set in the register group of the status LCD control 
gate array (SLCDC GA) 26 by the CPU 21 , the keyboard 
controller (KBC) 30, and the power supply controller 
(PSC) 46. The ON/OFF states of the icons on the status 
LCD 44 are controlled in accordance with these display 
control data. As described above, the status LCD 44 for 
displaying the operating states of the portable computer 
is arranged, and display control of the status LCD 44 is 
performed independently of display control of the LCD 
panel 49 serving as the main display. For this reason, 
the current operation mode can always be displayed 
with the icons. Therefore, the user can check the current 
operation mode with the icons while executing an appli- 
cation program. 
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[0358] In the embodiment, the switching instruction 
for each operation mode is designated by the corre- 
sponding hot key, and the hot key data is transmitted to 
the CPU 21 by a non-maskable interrupt such as an 

5 SMI. The interrupt is not masked by the application pro- 
gram under execution. Hot key data can be accepted 
regardless of execution of various application programs, 
thereby switching the operation mode. At this time, the 
switching result of the operation mode is reflected on 

10 the status LCD 44. Therefore, the operation mode can 
beswitched regardless of the application program under 
execution, and the switching result can be checked on 
the status LCD 44. 

[0359] The eighth embodiment of the present inven- 
'5 tion will be described below. In this embodiment, a 
DRAM card mounted with a ROM such as a serial EEP- 
ROM which stores card configuration information can 
be used even if the operating voltages of the ROM and 
the DRAM are different from each other. In this embod- 
20 iment, an EEPROM 232 which stores card configuration 
information including operating voltage information of a 
DRAM 231 is mounted on a DRAM card 24. When this 
card 24 is mounted in a card slot 20, power supply volt- 
ages can be applied from a DRAMVCC 241 and an EEP- 
25 ROMVCC243totheDRAM231 and the EEPROM 232, 
respectively. When the system is to be powered on, pins 
PD8 through PD6 of PD pin lines 244 are switched to 
the output mode, and the pin PD5 is set in the input 
mode. The card configuration information output from 
30 an SO terminal of the DRAM 231 is read from the pint 
PD5. A power supply voltage of operating voltage infor- 
mation of the card configuration information is applied 
to the DRAMVCC 241. 

[0360] This embodiment will be described with refer- 
35 ence to Figs. 1 and 49 through 53. 

[0361] Fig. 49 shows the DRAM card 24 and its pe- 
ripheral arrangement. 

[0362] The DRAM card 24 is a new DRAM card which 
has specifications complying with the JEIDA standards 

40 and in which "EXPANSION" complying with these stand- 
ards is defined. In addition to the DRAM 231 serving as 
an expanded memory of a system memory 23 shown in 
Fig. 1 , the EEPROM (serial EEPROM) 232 which stores 
the card configuration information is mounted on the 

45 DRAM card 24. 

[0363] The EEPROM 232 is a serial EEPROM oper- 
ative in the wide power supply voltage range of, e.g., 3 
through 5 V. The EEPROM 232 has a VCC (powersup- 
ply) terminal, a CS (chip select) terminal, a CK (clock) 

so terminal, an SI (serial input data) terminal, and the SO 
(serial output data) terminal. 

[0364] The card configuration information stored in 
the EEPROM 232 includes standard card configuration 
information assigned to the eight JEIDA PD pins (PD8 
55 through PD1), expanded card configuration information 
which cannot be expressed by the standard card con- 
figuration information, and operating voltage informa- 
tion representing an optimal power supply voltage re- 
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quired for operating the DRAM 231 . 
[0365] An inverter 233 operated at the same power 
supply voltage as that of the EEPROM 232 to invert the 
CS input to the EEPROM 232, and a pull-up resistor234 
are mounted on the DRAM card 24. This pull-up resistor 
234 is used to maintain the input to the inverter 233 at 
high level. 

[0366] The card slot 20 for receiving the DRAM card 
24 is connected to the DRAM power supply lines 
(DRAMVCC) 241 for applying a power supply voltage 
to the DRAM 231, an interface signal line group 242 
used to transfer interface signals to the DRAM 231 , and 
the EEPROM power supply lines (EEPROMVCC) 243 
for applying a power supply voltage to the EEPROM 
232. Each of the DRAMVCC 241 and the EEPROMVCC 
243 comprises a plurality of lines (four in this embodi- 
ment, although not shown). The interface signal line 
group 242 is operated at the same voltage level as that 
of the DRAMVCC 241 . 

[0367] The PD pin line group 244 consisting of eight 
signal lines used to read the card configuration informa- 
tion from the system (personal computer main body) 
side and access the EEPROM 232. and a common 
ground line (GND) 245 are connected to the card slot 
20. The PD pin line group 244 is operated at the same 
voltage level as that of the EEPROMVCC 243. Pull-up 
resistors 246 are connected between the EEPROMVCC 
243 and the eight signal lines constituting the PD pin 
line group 244, respectively. 

[0368] The DRAM card 24 and its peripheral arrange- 
ment will be described in detail (A) when viewed from 
the system side, (B) when viewed from the DRAM card 
24 side, and (C) in view of the signal list of the card slot 
20. 

(A) When Viewed From System Side 

[0369] The eight signal lines constituting the PD pin 
line group 244 correspond to the eight JEIDA PD pins 
(PD1 through PD1) and are pulled up by the independ- 
ent pull-up resistors 246, respectively. The eight signal 
lines are then connected to I/O ports of the system (per- 
sonal computer main body). The I/O ports are normally 
set in the input port, and the system side (a CPU 21 
shown in Fig. 1) monitors the states of the PD pins of 
the card slot 20. 

[0370] When the DRAM card 24 is not mounted in the 
card slot 20, all the signal lines (PD pins) of the PD pin 
line group 24 are open (NC; No Connect) and are set at 
high level (H) by the corresponding pull-up resistors 
246. In this case, the system side detects "No Card", as 
shown in Fig. 50. 

[0371] When the DRAM card 24 having the EEPROM 
232 therein is mounted in the card slot 20, the PD pin 
line group 24 is set such that the pin PD4 is connected 
to the GND 245 and set at low level (L), and the pins 
PD3 through PD1 are kept open (NC) and are kept at 
high level (H) by the corresponding pull-up resistors 



246. The system side determines "EXPANSION" (Fig. 
50) in accordance with the state (LHHH) ofthepins PD4 
through PD1. 

[0372] At this time, the pin PD8 is connected to the 

5 CS terminal of the EEPROM 232, the pin PD7 is con- 
nected to the CK terminal of the EEPROM 232, the pin 
PD6 is connected to the SI terminal thereof, and the pin 
PD5 is connected to the SO terminal thereof. For this 
reason, on the system side, in the EXPANSION mode, 

10 the pins PD8, PD7, and PD6 are switched to the output 
mode pins for CS (chip select), CK (clock), and SI (serial 
input data). The pin PD 5 is used for SO (serious output 
data) in the input mode. The CS, CK, SI, and SO signals 
are general EEPROM interface signals as of a 93C56. 

15 [0373] The DRAMVCC 241 is connected to the VCC 
terminal of the DRAM 231 , and the EEPROMVCC 243 
is connected to the VCC terminal of the EEPROM 232. 
A power supply voltage is applied from the DRAMVCC 
241 to the DRAM 231, and a power supply voltage is 

20 applied from the EEPROMVCC 243 to the EEPROM 
232. 

[0374] If the DRAMVCC 241 generates a voltage of, 
e.g., 3.3 V, an interface signal with the DRAM 231 is 
applied at 3.3-V level. If the EEPROMVCC 243 gener- 
25 ates a voltage of, e.g., 5 V, the signal level of each signal 
line (PD pin) of the PD pin line group 244 is also set at 
5 V. At this time, an interface signal with the EEPROM 
232 is also given at 5 V. 

30 (B) When Viewed From DRAM Card 24 

[0375] When the DRAM card 24 is mounted in the 
card slot 20, a signal obtained by inverting a signal at 
the pin PD8 by the inverter 233 is input to the CS termi- 

35 nal of the EEPROM 232 in the DRAM card 24. In this 
state, the pin PD8 (for the standard input mode for mon- 
itoring the PD pins) is set at high level until the system 
(CPU 21 ) recognizes the DRAM card 24 of the EXPAN- 
SION specifications and the pins PD8 through PD6 

40 (used as output pins) are changed to an output mode 
as the EXPANSION mode. In this embodiment, the sig- 
nal level at the pin PD8 is inverted to high level by the 
inverter 233, as described above, and the CS input to 
the EEPROM 232 is set at low level, thereby preventing 

45 chip selection. The pull-up resistor on the input side of 
the inverter 233 is arranged to perform protection when 
the proper operations of the pull-up resistors 246 of the 
PD pins on the system side cannot be expected. The 
pull-up resistor need not be used. 

(C) Signal List of Card Slot 20 

[0376] Figs. 51 and 52 show the lists of signals in the 
card slot 20 so as to cause the pin numbers to corre- 
55 spond to the JEIDA signal names. In this case, RFUs 
represent pins reserved for future expansion. 
[0377] As shown in Figs. 51 and 52, the DRAMVCC 
241 is connected to pins (pin numbers 9, 15, 27, and 
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37) defined as JEIDA 5-V power supply pins VCC(5V), 
and the DRAMVCC 241 is connected to pins (pin num- 
bers 1 1 , 1 7, 25, and 35) defined as JEIDA 3.3-V power 
supply pins VCC(3.3V). 

[0378] The interface signal line group 242 serving as 
a path for transferring interface signals (MA1 3 through 
MAO, MD35 through MDO, RAS3# through RAS0#, 
CAS3# through CAS0#, and WE#) with the DRAM 231 
is operated at the voltage level of the DRAMVCC 241 . 
The PD pin group (PD8 through PD1 ) corresponding to 
the PD pin line group 244 is operated atthe voltage level 
of the EEPROMVCC 243. 

[0379] When a 3.3-V DRAM is used as the DRAM 
231 , and the EEPROM 232 and the I/O ports are oper- 
ated at 5 V, a voltage of 3.3 V is applied to the DRAM- 
VCC 241 , and a voltage of 5 V is applied to the EEP- 
ROMVCC 243. 

[0380] When a 3.3-V DRAM is used as the DRAM 
231 , and the EEPROM 232 and the I/O ports are oper- 
ated at 3.3 V, a voltage of 3.3 V is applied to both the 
DRAMVCC 241 and the EEPROMVCC 243. 
[0381] When a 5-V DRAM is used as the DRAM 231 , 
and the EEPROM 232 and the I/O ports are operated at 
5 V, a voltage of 5 V is applied to both the DRAMVCC 
241 and the EEPROMVCC 243. 
[0382] As in this embodiment, when a wide range 
EEPROM operated in the range of 3 V through 5 V is 
used as the EEPROM 232 and the input ports are op- 
erated at a voltage VR falling within the range of 3 V 
through 5 V, the voltage VR is applied to the EEPROM- 
VCC 243. 

[0383] These power supply voltages are applied from 
the power supply circuit (PS) 47 shown in Fig. 1 . 
[0384] Control of the DRAM card 24 having the above 
arrangement when the system is powered on will be de- 
scribed with reference to a flow chart in Fig. 53. 
[0385] When the system is powered on, the CPU 21 
transfers control information to a powersupply controller 
(PSC) 46 through a system bus (ISA-BUS) 1 1 , a status 
LCD control gate array (SLCDC GA) 26, and a power 
supply interface bus (PSC-BUS) 1 4. The CPU 21 caus- 
es the power supply circuit (PS) 47 to stop applying the 
voltageto the DRAMVCC 241 (Fig. 47) underthe control 
of the power supply controller (PSC) 46. At the same 
time, the CPU 21 causes the EEPROMVCC 243 to apply 
the power supply voltage VR (3 V < VR < 5 V) required 
to operate the EEPROM 232 under the control of the 
power supply controller (PSC) 46 (step S191). At the 
same time, the CPU 21 disables all the lines of the in- 
terface signa line groups 242 connected to the DRAM 
231. 

[0386] The CPU 21 reads the state (8-bit data) of the 
PD pin line group 244 set in the input mode and checks 
the state of the lower four bits (PD4 through PD1 ) (step 
S192). If the states of the pins PD4 through PD1 are 
given as "1111" (step S1 93), the CPU 21 determines "No 
Card", as can be apparent from Fig. 50. The CPU 21 
uses a system memory 23 as a main memory to power 
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on the system. 

[0387] To the contrary, as in this embodiment wherein 
the DRAM card 24 of the EXPANSION specifications is 
mounted in the card slot 20, if the states of the pins PD4 

5 through PD1 are given as "0111 " (step S1 94), the CPU 
21 determines the "EXPANSION mode", as can be ap- 
parentfrom Fig. 50. The CPU 21 switches the pins PD8, 
PD7, and PD6 (used as output pins) to the output mode 
and sets the pin PD5 (used as an input pin) in the input 

10 mode. The CPU 21 reads the card configuration infor- 
mation from the EEPROM 232 on the DRAM card 24 
(step S1 95). That is, the CPU 21 sets the pin PD8 to low 
level and the CS terminal of the EEPROM 232 to high 
level. The CPU 21 receives a clock from the pin PD7 to 

15 the CK terminal thereof. At the same time, the CPU 21 
receives an address from the pin PD6 to the SI terminal 
thereof, and serial output data representing the read/ 
write access type. The CPU 21 reads the card configu- 
ration information serially output from the SO terminal 

20 of the EEPROM 232 through the pin PD5 in accordance 
with the input data. 

[0388] When the CPU 21 reads the card configuration 
information from the EEPROM 232, the CPU 21 deter- 
mines from the card configuration represented by this 

25 information whether the DRAM card 24 is usable in this 
computer system (step S1 96). If YES in step S1 96, the 
CPU 21 determines whether the DRAM (231) power 
supply voltage represented by the operating voltage in- 
formation described in the read card configuration infor- 

30 mation is supported by this system (i.e., whether the op- 
erating voltage can be applied from the power supply 
circuit (PS) 47). That is, the CPU 21 determines whether 
the DRAM card 24 is usable in this system (steps S197 
and S198). 

35 [0389] If the DRAM card 24 is usable also in consid- 
eration of the power supply voltage, the CPU 21 trans- 
fers control information to the power supply controller 
(PSC) 46 through the system bus (ISA-BUS) 1 1 , the sta- 
tus LCD control gate array (SLCDC GA) 26, and the 

40 power supply interface bus (PSC-BUS) 14. Under the 
control of the powersupply controller (PSC) 46, the pow- 
er supply voltage forthe DRAM 231 , which is represent- 
ed by the operating voltage information, is applied from 
the power supply circuit (PS) 47 to the DRAMVCC 241 

45 shown in Fig. 49 (step S1 99). The powersupply voltage 
for the DRAM 231 on the DRAM card 24 is regulated to 
an optimal powersupply voltage required when the sys- 
tem is powered on. At the same time, the CPU 21 acti- 
vates all the lines of the interface signal line group 242 

so connected to the DRAM 231 . 

[0390] In this state, the CPU 21 powers on the system 
using the DRAM 231 on the DRAM card 24 mounted in 
the card slot 20, as an expanded memory of the system 
memory 23. 

55 [0391] On the other hand, ifthestates of the pins PD4 
through PD1 are not given as "01 11", i.e., if the "EXPAN- 
SION" mode is not set, the CPU 21 determines that a 
card of the EXPANSION specifications is not mounted 
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in the card slot 20, but a DRAM card of the perfect stand- 
ard specifications is mounted therein. In this case, the 
CPU 21 continues the input mode of the PD pin line 
group 244 and reads the standard card configuration in- 
formation defined by the pins PD8 through PD1 through 
the PD pin line group 244 (steps S1 94 and S200). 
[0392] The CPU 21 determines from the card config- 
uration represented by the read standard card configu- 
ration information whether the DRAM card is usable in 
this system (step S201 ). If YES in step S201 , the CPU 
21 transfers control information to the power supply con- 
troller (PSC) 46 through the system bus (ISA-BUS) 11 , 
the status LCD control gate array (SLCDC GA) 26, and 
the power supply interface bus (PSC-BUS) 14. Under 
the control of the power supply controller (PSC) 46, the 
power supply voltage of the system is applied from the 
power supply circuit (PS) 47 to the DRAMVCC 241 
shown in Fig. 49. Atthe same time, the CPU 21 activates 
all the lines of the interface signal line group 242 con- 
nected to the DRAM on the DRAM card. 
[0393] In this state, the CPU 21 uses the DRAM on 
the DRAM card mounted in the card slot 20, as an ex- 
panded memory of the system memory 23, to power on 
the system. 

[0394] The card configuration information is read from 
the EEPROM 232 on the DRAM card 24 only when the 
system is powered on. Therefore, when the power-ON 
operation (initialization) of the system in accordance 
with the card configuration information read from the 
EEPROM 232 is completed, the power supply voltage 
(EEPROM power supply voltage) to the EEPROMVCC 
243 may be interrupted (OFF). In this case, the wasteful 
power consumption can be reduced in a battery-oper- 
ated system. 

[0395] In a system wherein the power supply is inter- 
rupted (suspend) while the contents of a memory are 
kept held (i.e., the backup power supply voltage BK is 
kept applied to the DRAMVCC 241), and the system re- 
stores (resumes) a state immediately before the pow- 
er-OFF operation when the system is powered on again, 
the power supply voltage need not be supplied to the 
EEPROMVCC 243 in the suspend mode. 
[0396] The ninth embodiment of the present invention 
will be described below. In this embodiment, whether an 
electronic mail has been received can be automatically 
displayed without adversely affecting execution of an 
application program or the like. More specifically, when 
an electronic mail to this portable computer is received 
by a mail server on a LAN, a mail reception status signal 
is sent from this server to the communication board of 
the computer. In this state, a CPU interrupt is supplied 
from an I/O controller to start a communication driver 
program residing in the system memory. A CPU 21 
reads the mail reception status signal from the commu- 
nication board in accordance with this program. When 
the CPU 21 detects that a valid mail has been received, 
the CPU 21 calls the BIOS in a BIOS-ROM. The CPU 
21 sets the mail icon ON on a status LCD through a sta- 
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tus LCD control gate array and returns control to the ap- 
plication program under execution. 
[0397] This embodiment will be described with refer- 
ence to Figs. 2 and 54 through 56. The same reference 

5 numerals as in Fig. 1 denote the same parts in Figs. 54 
through 56, and a detailed description thereof will be 
omitted. In the embodiment shown in Fig. 54, a mail icon 
control register (MICR) 26a for holding control data for 
ON/OFF-controlling a mail icon R7 displayed on a status 

10 LCD 44 is included in the system of this embodiment. A 
communication board 32 having a communication inter- 
face function capable of exchanging electronic mails 
with other portable computers through a server (mail 
server) on a LAN is mounted on an expansion board 31 . 

15 When the mail server informs the communication port 
32 of reception of the electronic mail to the portable com- 
puter shown in Fig. 54, the communication board 32 
sends an interrupt from an I/O controller 22 to the CPU 
21 through a system bus (ISA-BUS) 11. Fig. 55 shows 

20 a schematic memory map of this system. 

[0398] As shown in Fig. 55, the BIOS stored in a BI- 
OS-ROM 25, a DOS (Disk Operating System), a com- 
munication driver program, and various application pro- 
grams are installed in the memory space of the system. 

25 [0399] The DOS and the communication driver pro- 
gram are prestored in a system disk used and loaded in 
a floppy disk driver (FDD) 45. The DOS and the com- 
munication program are loaded in a system memory 23 
and reside in the memory 23. The communication driver 

30 program is started every time mail reception is informed 
from the communication board 32 to determine whether 
a valid electronic mail has been received. The BIOS is 
called in accordance with the determination result to turn 
on the display of the mail icon (Ml) R7 (Fig. 2). 

35 [0400] Various application programs are stored in the 
system memory 23 or a DRAM card 24. 
[0401] Frequently accessed portions of the BIOS 
stored in the BIOS-ROM 25 are stored in the system 
memory 23 to perform high-speed access when the sys- 

40 tern is powered on. Forthe descriptive convenience, the 
BIOS is executed by always accessing the BIOS-ROM 
25 because this is not directly associated with the 
present invention. 

[0402] The operation of the ninth embodiment will be 
45 described with reference to a flow chart in Fig. 56. 
[0403] Assume that the portable computer having the 
arrangement shown in Fig. 54 is connected to a LAN 
through the communication board 32 mounted in an ex- 
pansion unit (Desk Station) connected to an expansion 
so connector 31 . A mail server for controlling exchange of 
electronic mails between, e.g., personal computers con- 
nected through the LAN is connected to the LAN. When 
this mail server receives an electronic mail to, e.g., the 
portable computer shown in Fig. 54, the mail server 
55 stores this electronic mail in a mail box assigned to this 
computer and informs the communication board 32 of 
reception status (mail reception status). The communi- 
cation board 32 always monitors the mail reception sta- 
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tus signal from the mail server. When the communica- 
tion board 32 receives this mail reception status signal, 
the communication board 32 informs the I/O controller 
22 of this signal through the system bus (ISA-BUS) 11, 
thereby causing the controller 22 to generate an inter- 
rupt to the CPU 21. 

[0404] In the portable computer shown in Fig. 54, the 
CPU 21 executes the DOS loaded in the system mem- 
ory 23 or an application program or the like loaded in 
the system memory 23 or the DRAM card 24. 
[0405] When the communication board 32 detects a 
mail reception status signal from the mail server and an 
interrupt is sent from the I/O controller 22 to the CPU 21 
during execution of the DOS or application program, the 
CPU 21 executes the communication driver program re- 
siding in the system memory 23, as shown in the flow 
chart in Fig. 56. 

[0406] The CPU 21 accesses the communication 
board 32 through the system bus (ISA-BUS) 11 to read 
the mail reception status held in the communication 
board 32 (step S211). The CPU 21 checks whether a 
valid mail free from a reception error is received in ac- 
cordance with the read mail reception status (step 
S212). 

[0407] lfYESinstepS212,theCPU21 calls the BIOS 
stored in the BIOS-ROM 25 through the system bus 
(ISA-BUS) 11 in accordance with the communication 
driver program and turns on the display of the mail icon 
(Ml) R7 on the status LCD 44. The display of this mail 
icon (Ml) R7 will be described in detail later. 
[0408] More specifically, when the CPU 21 calls the 
BIOS, the CPU 21 write-accesses the mail icon control 
register (MICR) 26a in a status LCD control gate array 
(SLCDC GA) 26 through the system bus (ISA-BUS) 11 
and sets control data representing a value of "1" in the 
register (MICR) 26a so as to turn on the display of the 
mail icon (M I) R7 on the status LCD 44. The status LCD 
control gate array (SLCDC GA) 26 displays the ON state 
of the mail icon (Ml) R7 formed by a fixed LCD pattern 
(Fig. 2) at a predetermined position on the status LCD 
44 in accordance with the control data having the value 
of "1" set in the mail icon control register (MICR) 26a. 
[0409] The ON state of the mail icon (Ml) R7 on the 
status LCD 44 makes the user know that an electronic 
mail has been received even if the portable computer in 
Fig. 54 is executing the DOS or application program and 
its execution states are displayed on an LCD panel 49 
(without interrupting the DOS or application program un- 
der execution or performing a special operation such as 
mail program running). 

[0410] Processing for informing the user of the pres- 
ence of the received mail by the ON state of the mail 
icon (Ml) R7 can be ended within a very short period of 
time as compared with a conventional scheme wherein 
a mail program runs while an application program under 
execution is kept interrupted, the electronic mail re- 
ceived by a mail server is read into a personal computer 
and displayed on the screen , and the user returns to the 
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previous application program upon confirmation of the 
electronic mail. Therefore, in this embodiment, the ap- 
plication program under execution will not be kept inter- 
rupted for a long period of time. 

5 [0411] In this embodiment, while the mail icon (Ml) R7 
is not displayed, the user recognizes that any electronic 
mail is not received. For this reason, unlike in the con- 
ventional case, the program under execution need not 
be interrupted, or the mail program need not run to con- 

10 firm the presence of an electronic mail, or time is not 
wasted because, in the conventional case, even the ab- 
sence of a received mail must be confirmed upon run- 
ning the mail program. 

[0412] If NO in step S21 2, the CPU 20 skips step S21 3 
'5 for displaying the mail icon (Ml) R7 and performs no op- 
eration. In this case, if the mail icon (Ml) R7 is already 
displayed, this display state is continued. However, if the 
mail icon (Ml) R7 is not displayed, this OFF state is con- 
tinued. 

20 [0413] Processing using the BIOS in accordance with 
the communication driver program can be performed 
within a very short period of time, as described above. 
When this processing is ended, control returns to the 
previous program (DOS or application program), as 

25 shown in the flow chart of Fig. 56. 

[0414] The user confirms in accordance with the ON 
state of the mail icon (Ml) R7 displayed on the status 
LCD 44 that an electronic mail has been received, a pre- 
determined operation is performed with a keyboard (KB) 

30 51 orthe like at a desired timing to runthemail program, 
thereby performing processing shown in Fig. 56. This 
mail program is loaded from, e.g., the floppy disk drive 
(FDD) 45 to the system memory 23 (or the DRAM card 
24) as needed. 

35 [0415] When the mail program is executed, the re- 
ceived mail is displayed (step S214). This display 
processing will be described in detail later. 
[0416] The communication driver program in the sys- 
tem memory 23 is called from the mail program. The 

40 CPU 21 accesses the mail server on the LAN through 
the system bus (ISA-BUS) 11 and the communication 
board 32 in accordance with this communication driver 
program and read all the received mails stored in the 
server (i.e., its own mail box). The read mails are stored 

45 in the system memory 23. Control returns from the com- 
munication driver program to the mail program. 
[0417] TheCPU21 performscontrolfordisplayingthe 
electronic mails stored in the system memory 23 on the 
LCD panel 49 in accordance with the mail program, 

so thereby completing the received mail display processing 
in step S214. 

[0418] Upon completion of the received mail display 
processing in step S214, the CPU 21 calls the BIOS 
stored in the BIOS-ROM 25 to turn off the display of the 
55 mail icon (Ml) R7 on the status LCD 44 in accordance 
with the mail program (step S215). The OFF operation 
of the mail icon (Ml) R7 will be described in detail later. 
[0419] When the CPU 21 calls the BIOS, the CPU 21 
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write-accesses the mail icon control register (MICR) 26a 
in the status LCD control gate array (SLCDC GA) 26 
through the system bus (ISA-BUS) 11 in accordance 
with this BIOS and sets control data having a value of 
"0" for turning off the display of the mail icon (Ml) F7 in 
the register (MICR) 26a. The status LCD control gate 
array (SLCDC GA) 26 turns off the display of the mail 
icon (Ml) F7 on the status LCD 44 in accordance with 
the control data having the value of "0" set in the mail 
icon control register (MICR) 26a. 
[0420] The above description has been made for in- 
dicating the presence/absence of the received electron- 
ic mail by means of the mail icon (Ml). However, the 
present invention is not limited to this. The presence/ 
absence of an electronic mail may be indicated by an 
LED lamp or the like. 

[0421 ] The tenth embodiment of the present invention 
will be described below. In this embodiment, image data 
output to an internal display device or an external dis- 
play device can be automatically switched in accord- 
ance with the open/closed state of a display panel when 
the power switch is turned on. That is, when the power 
switch is turned on, the BIOS sets the ON/OFF status 
of the panel switch in a register to determine the open/ 
closed state of the display panel in accordance with the 
set data. If the display panel is open, the BIOS instructs 
a display controller to output image data to only the in- 
ternal LCD panel. The display controller then outputs the 
image data stored in a video RAM to only the LCD. 
When the display panel is kept closed upon a power-ON 
operation, the BIOS instructs the display controller to 
output image data to both the LCD and a CRT. The dis- 
play controllerthen outputs the image data stored in the 
video RAM to both the LCD and the CRT. 
[0422] The tenth embodiment will be described with 
reference to the accompanying drawings. A panel 
switch 1 56 (Fig. 57) for detecting opening/closing of the 
display panel 49 is arranged in the main body shown in 
Fig. 2. This panel switch 156 detects opening/closing of 
the display panel 49 in accordance with, e.g., pivot po- 
sitions of the legs 114a and 114b. A connector (not 
shown) for optionally connecting an external display de- 
vice such as a CRT is arranged on the rear end portion 
of the main body. 

[0423] In Fig. 57, a panel switch 156 for detecting 
opening/closing of the display panel 49 is set, e.g., ON 
when the display panel 49 is kept closed and OFF when 
the display panel 49 is open. The ON/OFF status of the 
panel switch 156 is set in a register within the PCM- 
CIA-GA 28 when the power switch is turned on . The ON/ 
OFF status signal is sent to a power supply controller 
46. The contents set in the register within the PCM- 
CIA-GA 28 are checked by the BIOS stored in the BI- 
OS-ROM 25.Thepowersupplycontroller46 hasafunc- 
tion of controlling to apply a power supply voltage to 
each unit in accordance with an instruction from the 
CPU 21 and determines opening/closing of the display 
panel 49 in accordance with the ON/OFF signal from the 



panel switch 1 56, thereby controlling supply of the pow- 
er supply voltage to the display panel 49. More specifi- 
cally, when the display panel 49 is open in the power-ON 
state, the power supply controller 46 instructs to apply 

5 a power supply voltage to the display panel 49. When 
the display panel 49 is kept closed, the power supply 
controller 46 instructs to stop supplying the power sup- 
ply voltage to the display panel 49. 
[0424] The display controller 32 is operated in accord- 

10 ance with an instruction from the BIOS upon the pow- 
er-ON operation. When the display panel 49 is kept 
closed upon the power-ON operation, the display con- 
troller 32 supplies image data to both the display panel 

49 and the CRT display device 50. When the display 
'5 panel 49 is open, the display controller 32 supplies the 

image data to only the display panel 49. 
[0425] The operation of this embodiment will be de- 
scribed with reference to a flow chart in Fig. 58. When 
the power switch is turned on in use of the portable com- 
20 puter, the ON/OFF status of the panel switch 1 56 is set 
in the register within the PCMCIA-GA 28 under the con- 
trol of the BIOS (step S221 ). The BIOS reads the con- 
tents of the register within the PCMCIA-GA 28 (step 
S222) to determine in accordance with the ON/OFF sta- 
25 tus of the panel switch 1 56 whether the display panel is 
open/closed (step S223). If the display panel 49 is open, 
the BIOS instructs the display controller 32 to output im- 
age data to only the display panel 49. The display con- 
troller 32 then outputs the image data stored in the video 
30 RAM 33 to only the display panel 49 (step S224). If the 
display panel 49 is closed, the power supply controller 
46 instructs to supply a power supply voltage to the dis- 
play panel 49 and the CRT display device 50, and the 
image data is displayed on the display panel 49 and the 
35 CRT display device 50. 

[0426] When the powerswitch is turned on in the open 
state of the display panel 49, the BIOS determines that 
the internal display panel 49 is used, and the data is 
displayed on only the display panel 49. In this case, the 
40 display data is not output to the external CRT display 
device 50. 

[0427] If it is determined in step S223 that the display 
panel 49 is kept closed, the BIOS instructs the display 
controller 32 to output image data to both the display 
45 panel 49 and the CRT display device 50. The display 
controller 32 outputs the image data to both the display 
panel 49 and the external CRT display device 50 (step 
S225). In this case, since the display panel 49 is kept 
closed, the power supply controller 46 sends a corn- 
so mand for stopping outputting the power supply voltage 
to the display panel 49. and the display panel 49 is kept 
inoperative. Therefore, the image data is displayed on 
only the CRT display device 50. 
[0428] As described above, when the power switch is 
55 turned on in the closed state of the display panel 49, the 
BIOS determines use of the external CRT display device 

50 and outputs the image data to the CRT display device 
50. For example, image data may be displayed on the 
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CRT display device 50 with the display panel 49 being 
kept closed, using an application program as in a dem- 
onstration display. 

[0429] Afterthe power switch is turned on, the display 
panel 49 may be opened to use the display panel 49. To s 
cope with this operation, image data is also output to the 
display panel 49. When the display panel 49 is opened 
after the power switch is turned on, the power supply 
voltage is applied to the display panel 49 in accordance 
with an instruction from the power supply controller 46. '0 
Therefore, the image data is immediately displayed on 
the display panel 49. 

[0430] Fig. 59 is a table showing the relationship be- 
tween the open/closed state of the display panel 49 up- 
on the power-ON operation and the image data output '5 
to the display panel 49 and the CRT display device 50. 
Each circle in Fig. 59 represents that the image data is 
output. 

[0431] In the closed state of the display panel 49, the 
image data is not output to the display panel 49. When 20 
the display panel 49 is opened, this state may be de- 
tected and the image data may be output to the display 
panel 49. In this case, interrupt processing must be per- 
formed upon opening the display panel 49, and the im- 
age data must be output from the display controller 32 25 
to the display panel 49. This operation is not desirable 
because the interrupt processing is time-consuming, 
and switching of image data may not be properly per- 
formed. 

[0432] According to the present invention, as de- 30 
scribed in the above embodiment, when the power 
switch is turned on, the open/closed state of the display 
panel 49 is detected, and the output states of the image 
data to the display panel 49 and the CRT display device 
50 are automatically controlled. In addition, after the 35 
power switch is turned on, the output states of the image 
data may be arbitrarily switched in accordance with a 
key operation. 



open, and outputs the image data to both said in- 
ternal display device and said external display de- 
vice when said panel is kept closed. 



Claims 



1. A portable computer including a panel opened/ 
closed on a main body and having a function of op- 
tionally connecting an external display device, 45 
characterized by comprising a panel switch for de- 
tecting opening/closing of said panel (49), means 
(151, ICMCIA-GA28, Fig. 57) for detecting an open/ 
closed state of said panel switch when a power 
switch is turned on, and switching means (21 , Fig. so 
57) for switching to output image data to an internal 
display device (49) and said external display device 
(50) in accordance with the open/closed state of 
said panel. 

55 

2. A computer according to claim 1 , characterized in 

that said switching means output the image data to 
only said internal display device when said panel is 
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